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TAG Temperature and Pressure Recorders 
have been a yardstick for quality, accuracy and 
ruggedness for many years. They are available 
in many types, each helping to lower processing 
costs through better processing efficiency. You 
are invited to correspond with TAG engineers 
on the best way to solve your temperature and 
pressure problems. Write today for the TAG 
Recorder Catalog. 
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THERE'S A TAG RECORDER 


To Fill Your Requirements 


TAG Temperature Recorders are 
available in a wide variety of ranges, 
with 9, 10 or 12-inch charts. There 
is a TAG Recorder to fit the re- 
quirements of any industrial appli- 


cation. 


TAG Pressure Recorders cover the full range of pressures. Springs are available in bronze, steel, stainless and other 


alloys suited to the service requirements. 


C. J. TAGLIABUE MFG. CO. 
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THE LEWIS RESISTANCE BULB 
MEETS EXACTING SPECIFICATIONS 


RESPONSE TIME — Averages 5 seconds from 100°C to 10°C when taken from boiling water to 
an ice bath. 


HERMETICALLY SEALED — Silver Soldered Assembly, by means of modern induction heating 
methods. The Terminal Pins are sealed in glass to the metal cap as in 
electronic tubes. 


HIGH TEMPERATURE OPERATION — Built to withstand a test temperature of 300°C for one 

minute. Bulbs model 56B5C and 56B6 will withstand operating tempera- 
tures of 500°F for a minimum of 500 hours. Model 56B6D will withstand 
300°C for a minimum of 8 hours. 


TOUGH — Built to “take it” of Stainless Steel. The stem is of 18-8 type 304 (AMS5560A) and the head 
is constructed of Type 303 (AMS5640B). Polarizing Pin is of unique con- 
struction to prevent bending, twisting, or becoming loose. 





STANDARDIZED RESISTANCE Vs. TEMPERATURE — The resistance - Temperature | 
' characteristics meet “AN” specifications from —70°C to +-200°C, and 
tDER have been extended to 300°C. | 












ACCEPTED AS STANDARD BY LEADING AIRFRAME MANUFACTURERS — 


are 
Bes, These Bulbs are used as standard equipment on the following Aircraft: 
“i : BOEING STRATOCRUISER 377 LOCKHEED CONSTELLATION 49 
pi- CONSOLIDATED 240 MARTIN 202 and 303 

DOUGLAS DC-6 REPUBLIC RAINBOW RC-2 


<THE LEWIS ENGINEERING CO. 


nectaltth hh tr Ergine Tempecdlire Pecsuremert. 
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FANTASY 


A Reunion at the 1977 


Instruments Convention 
By H. S. FAIRCHILD, Boston 


Scene: Chicago. The new (1975) 
Stevens Hotel. In the mammoth West 
Room are some 200 display booths lined 
with instruments of every manufacture 
and for every conceivable purpose. 

In front of one booth stand two eld- 
erly gentlemen. One speaks: 

“Let’s go in here, Jim. I used to 
know some people at the main office 
of this outfit.” 

The man addressed as Jim stepped 
back a pace or two and, looking up, 
saw a large sign atop the booth: 

THE CROWN INSTRUMENT COMPANY 
Underneath, in smaller letters, a slogan 
spelled out: crown controls 
the universe. 

“Humph! I wonder what Old Mother 
Nature will say about this.” 

Jim took his companion by the arm 
and continued. 

“All right John, let’s go in and see 
what’s new.” 

Together they approached the booth 
and stepped up on the platform. A 
young man, all attention, came over 
immediately and took a swift glance at 
their convention badges. 

“Good evening, gentlemen. I see your 
names are James Klinger and John 
Freeman. It’s good to see you. My name 
is Jules Vernier.” 

As they shook hands, the younger 
man steered them to comfortable 
chairs. Then he disappeared behind a 
curtain saying, “Will you sit here a 
moment? There’s someone I’d like you 
to meet.” : 

He returned immediately leading a 
well-preserved man of perhaps 65. 

“Gentlemen,” he said, “This is Mr. 
George Beckwith of our International 
Office. I believe you and he are old 
friends.” 

“Why, George, you old sonofagun. 
You don’t look a day over 80,” said 
John, clapping him gayly on the back. 

Jim shook hands with George, then 
slyly asked him where the hell the 
company had got the idea for that slo- 
gan he’d seen out front. 

“Oh! That!” George laughed and 
pointed to himself. “Believe it or not, 
that was my idea. You knew, of course, 
that our instruments are now used to 
guide interplanetary rocket ships.” 

“No,” said Jim hesitatingly. 

“That’s the trouble with you, Jim,” 
chimed in John. “You think only in 
terms of your stinking chemical plants. 
Now, you take my hobby, instruments 
for the home... ” 

“By the way, John,” suid George, 
“the mention of your hobby reminds 
me. Do you remember that series of 
designs you sent us some years ago?” 

John nodded eagerly. 
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“Well,” continued George, “we have 
them all developed and are about to 
put them on the market. They are all 
rigged up in a model house which I 
will show you later. When you sent 
them in, they were so far ahead of de- 
mand that we couldn’t use them, but 
now, with the public learning more 
about instrumentation, there is a defi- 
nite trend in that direction, Probably 
be a tidy sum in it for you. But first, 
you must see our new ‘Mono-chart Deca- 
motron.’ Please sit here a moment while 
I turn the switch.” 

John and Jim took chairs facing a 
large silver screen. Almost immediately, 
it seemed, the bright lights dimmed and 
a spot of colored light appeared in the 
center of the ‘bright background. As 
George adjusted the dials in a control 
booth nearby, the spot grew and ex- 
panded into a full color picture filling 
the entire surface of the screen. 

“Where was that picture 
George?” asked Jim. 

“That is not a picture in the usual 
sense,” replied George, “It is a pick-up 
from a continuous transmitter outside 
of a plant area in Southern Morania. 
This plant was completed only two 
months ago. Now watch!” 

The picture changed rapidly. First a 
close-up of the main buildings, then the 
steel structure supporting the tall col- 
umns, next the rows of pumps, then a 
far-away view showing the myriad 
lines interconnecting the welter of 
equipment. Finally the scene shifted to 
the interior of the control house. 

In the center of a large bare room 
stood a black steel box-like object about 
two feet square and six feet high. At 
eye height in one side of the square, 
was a single 12-inch strip-chart re- 
corder. As they watched, the chart grew 
larger until they could see dozens of 
lines drawn simultaneously on this sin- 
gle chart. 

“Why, George,” shouted Jim, “don’t 
tell me that this one instrument is all 
there is to this plant. A plant of that 
size used to take a control room five 
times as large as the one you show 
here, with instruments filling a U- 
shaped panel board on three sides of 
the room.” And Jim shook his head in- 
credulously. 

John noticed the absence of personnel 
and asked his host about it: “George, 
with this continuous photo-transmission 
system, aren’t the operators afraid 
they'll be caught off their jobs? I hav- 
en’t seen one yet.” 

George pointed to the screen. 

“You old-timers did a good job in 
your day, but today there is no need 
for operators. The instrument you see 
there records the amount and quality 
of three final products. Through con- 
tinuous sampling devices, a close qual- 
ity check is maintained. If any product 
stream shows off-specification, beyond 
acceptable limits, that stream is auto- 
matically by-passed to an intermediate 
tank, while the central controller repo- 
sitions a group of local controls to bring 


taken, 


the stream back to norma 
sampler again shows the s 
acceptable, it is allowed t 
normal product tank. The 
rejected product is then i: 
small quantities somewhat f 
in the process, so that it ev 
comes part of the final pro: 
in the feed and product ta: 
the rate of throughout.” 

“That,” concluded Georg 
Mono-chart Deca-motron, 
How do you like it? 

Jim shook his head sadly, 
“I suppose it’s a great ste; 
but I remember that the i 
we used to know about wer 
trusted. They had to have o; 
watch them and to by-pas 
when something went wr 
there were the Instrument Repairy 
who would come and check the caus, 
the trouble and make repairs.” 

“By the way,” he added querulous 
“What has happened to the Instrun 
Man in this new régime?” 

George explained: “This whole | 
ness started years ago, whe: 
strument man asked himself why t 
were so many alarm points on a cont 
panel. The more he thought about 
the more firm became his convict 
that instead of having an alarm s 
when something went wrong, an inst 
ment should be added to correct th: 
uation. At first he had trouble s 
the idea to the men in charge of op 
tion, but later he was allowed to t 
his theory. The net result was that Uf 





EDITOR’S NOTE—Mr. Fairchild’s manus 


ceived in November 1946. Reason for mentior 
control with features he describes was pr 
newspaper publicity) two months later at 
York meeting. Mr. Fairchild deserves cred 
abroad when the scheme was first proposed ( 
less Factory’’ ACS session) in 1942.—MFB 


cost of instrumenting a plant rose, 
the number of hours continually 
stream was increased beyond al! exp 
tation. Operators became necess: 
only at start-up or shut-down ti 
Then with a few deft twists of t 
imagineering wand, even these fu 
tions could be made to follow the fj 
one switch. At first, this integrated ¢ 
trol could only be applied to process 
where the liquids involved were ' 
tively clean, and not corrosive. Eve! 
ually, however, production and qual 
figures began to show such an improv 
ment that research groups wer 
rected to find ways around any and off 
difficulties that stood in the way of « 
plete integration of process control.” 
“Actually, our centralized controll 
which you see here, could never /a 
been produced if it were not for Of 
adoption of completely integrated c'f} 
trol as a definite policy of operation Ff 
“Periodic shut-downs still occur, hove 
ever, as they must, but the day of ‘s) 
calls’ for instrument maintenance me 
is definitely a thing of the past. /) 
main function of the instrume:t m# 
is now that of ‘living with’ new pla} 
until the bugs are ironed out. Afte® 
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—MFE 
lant rose, bil There’s hardly a field of research orman- _ investigations and in many other fields where 
coped Dufacturing where the W & T Precision Dial precise pressure measurement is required. 
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t dow, 1 fueanometer doesn’t mean faster and more accu- Can your work use these characteristics 
- mn in : 
wists of t f rate pressure measurement at lower cost. It’s a of the Precision Dial Manometer? 
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: L . . . r d 
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to proces . stage Magan Re SENSITIVITY . . . . 1 part in 10,000 
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and qualitf and operational studies. Leading automotive, air- 
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that, he is usually present at periodic 
shut-downs only.” 

“The instrument engineer has long 
since moved into the same office with 
the process engineer. Together they 
turn out plants which are functionally 
designed for instrumentation. Years 
ago, plants were designed ‘process-wise’ 
and, at a later date, instruments were 
hung on—here and there. It has taken 
a long time, but we believe that now 
instruments are doing the job that they 
were intended to do and should have 
been doing for years.” 

At this point, John broke in: “George, 
that’s wonderful. Now let’s go see these 
gadgets for the home you were telling 
me about.” 

George turned a switch: the picture 
faded and the lights came on. 

The trio started, somewhat stiffly, 
down the aisle to another booth where 
the Crown Company was exhibiting In- 
struments for the Home. 

Set up amid the garish display of 
other products was an up-to-date house 
of five rooms. Its windows, all wide, 
were made of clear plate glass, sealed 
in place. The entrance comprised two 
doors: a kind of air lock. As one en- 
tered, one door had to be closed before 
the other was opened, for this was a 
pressurized house. ; 

George then explained the features 
which made the house so pleasant. 

“You are in an atmosphere about half 
an inch of water-column pressure 
greater than the outside. All air is 
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“And this little gear is the only part that could give you any trouble.” 





brought in from outside—, 
warmed depending on the mn 
ened or dried to the optimum 
stripped of dust and pollen by 
trostatic dust catcher, and 
complete the conditioning. A 
the air is recycled to the e1 
save heat; the rest is allowed 
through a back-pressure val. 
roof.” 

Finally, Jim nudged John: 
a hand in this?” 

John answered, ‘“Sure—my 

Jim, the irrepressible, stat 
“We've been threatened with 
years, but no one has yet figure: out 
better way to have babies, thank Goq! 

“Come on, you old reprobate,” 
dered John, “before you get us toss 
out on our ear.” 

In a moment the two old gentleme 
had said their good-byes and wey 
shuffling down the brilliantly-lighted 
aisle toward the many other exhibits 
Each booth seemed to beckon as the 
passed. But they were tired old me 
They had had a good full life. Eac} 
year they expected would be their las 
to see the “Big Show.” Yet each yea 
found them hoping to see yet another, 

As they passed through the out 
door, they turned and looked back. 

John said, “It’s been a good life, this 
instrumentation game.” 

Then as arm-in-arm they entered the 
lobby, Jim was heard to mutter: 
“Crown controls the universe, Eh?- 
Well, that beats me!” 





; / Drawn 
/) J. M. DAILEY 
Lake Charles, | 
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Just two simple quick-acting clamp screws 
H to loosen, and your diaphragm casing is off. 
‘ i 3 Tight-sealing clamp ring eliminates multiple 
| j bolts completely. Duo-seal molded diaphragm 
_ & lips are automatically self-sealing. 
‘ H - - 
up ag i a. 67 years of control engineering “know how’’ 
! avewa produced this revolutionary new KONTROL, 
MOTOR .. . featuring these design innova- 
tions: 








®@ Pressed Steel Diaphragm Casing... lighter ar 
tougher, more durable. 

® Rigid Welded Steel Tubular Yoke. 

®@ Long calibrated Steel spring ... fully enclosed. 

®@ Enclosed ball bearing Spring Adjusting Screw. 

® Streamlined Flow Valve Body with high capac- 
ity ... . unrestricted flow areas. 

Pe suai ee ee 
ings, top and bottom... for minimum friction; 
increased life. 


Used with air operated instruments or auxil- 
iary pilot units, the K & M KONTROL 
MOTOR regulates the flow of steam, liquids 
or gases — efficiently and, sensitively. Send 
us your control problems. We'll show you 
how the KONTROL MOTOR valves will 
solve them. Write for new KONTROIJ 
MOTOR bulletin. 





REPRESENTED IN 
New York City Rochester Chicago 
Detroit Pittsburgh Baltimore 
Cincinnati Tulsa Dallas 
Houston New Orleans Denver 
Los Angeles San Francisco Portland 
Philadelphia 














KIELEY & MUELLER, INC., North Bergen, New Jersey 
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Measurement of Slipperiness of Walkway Surfaces 


WASHINGTON, D. C.—To minimize 
hazards of slippery walkway surfaces, 
a joint research project has been under- 
taken by the National Safety Council 
and the National Bureau of Standards 
directed toward developing safety codes 
for walkways and footwear. 

The establishment of safety codes for 
walkway surfaces and footwear has 
been materially handicapped by the 
lack of adequate methods of measuring 
slipperiness. Most of the devices uscd 
in the past were more representative of 
a person standing on a floor than of 
someone walking. 

As an aid in the design of testing in- 
struments, the NBS is making a study 
of walking habits. Concealed cameras 





Portable impact-type slipperiness tester de- 
signed and consructed at the NBS for meas- 
urement of the relative slipperiness of dif- 
ferent walkway surfaces for various types of 
footwear. 


have been used to take slow-motion pic- 
tures of people walking in their usual 
manner, while they were unaware of 
being photographed. 

It is extremely difficult to reproduce 
artificially, in the laboratory, walkway 
surfaces that are typical of the various 
conditions in service, because the loca- 
tion of a floor determines to a larg? 
extent the texture of its worn surface. 
Accordingly, P. A. Sigler of the NBS 
has designed a portable impact-type 
slipperiness tester that can be used to 
test floors in actua! service. The design 
is based on the premises that slipping 
is a function of two surfaces and that 
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in the process of ordinary walking slip- 
ing is most likely to occur when the 
walkway surface is first contacted by 
the rear edge of the heel. 

The instrument is primarily a com- 
pound pendulum which sweeps a shoe 
material over the walkway surface to 
be tested. A mechanical shoe forms the 


lower end of the pendulum 
arranged that a 142” square t 
of rubber, leather, or other h« 
rial can be attached to the 
of the shoe at various angle: 
only the rear edge of the t 
makes contact with the walk 
face. A helical spring is used 
the edge of the test piece ag: 
walkway surface during cont: | 
pendulum is released at a fix« 


and the edge of the heel is p ted 


to sweep over the surface of t 
specimen. A 


dulum rises above its lowest 
From this information an “anti 
efficient” for the walkway and fi 
surfaces can be computed. 


Electronic Timer for Viscosity Measurements 


WASHINGTON, D. C.—A new elec- 
tronic timer, particularly adapted for 
use with a falling-ball viscosimeter in 
the study of the rapidly-changing vis- 
cosity of an opaque fluid, has been de- 
signed by P. J. Franklin of the Nation- 
al Bureal of Standards. The instrument 
comprises pulse-sharpening and trigger 
circuits. Passage of the ball through 
two coils around the viscosimeter tube 
is used to trigger a radio-frequency os- 
cillator, starting and stopping a timing 
device. 

The comparatively simple circuit 
utilizes the r-f. induction field. The out- 





tified in the separate diodes of a 6SQ7 
tube, and the resulting change in cat} 


ode current is amplified in the 
portion of the tube to obtain suf 


voltage variation to operate a puls 


sharpening circuit consisting of ty 
0.04-watt neon bulbs in series wit! 


load resistor. When the voltage t] 
plate circuit of the amplifier rises | 
the ignition point of the neon tubes 
the neons suddenly fire and a shar 


pulse is produced across the load 1 
sistor. These tubes have a 
amount of radium added to provide w 
form ignition voltage regardless of 


sma 


Timing a falling-ball viscosimeter by means of the new electronic timer (at right) develope: 
at the NBS. The output of a crystal oscillator is link-coupled to the two coils encirclin; 
the tube of the viscosimeter (within the constant-temperature jacket adjacent to the timer 


put of a 1400-ke. crystal oscillator is 
link-coupled to the start and stop coils 
surrounding the viscosimeter tube. No 
buffer amplifier is required. A small 
padding capacitor is placed across each 
coil, so that the amount of detuning is 
the same in both coils as a steel ball 
falls through them, changing the in- 
ductance of each coil in turn. 

The r-f. power from each coil is rec- 


lumination. Once ignited they sta 
nited until the output voltage o! 
triodes has dropped to a low \ 
allowing only one pulse to occur 
passage of the ball through each 
Both pulses are placed on the gri 


a trigger pair which, on the first pulse, 


closes a relay that starts a clock 
on the second pulse, opens the rela 
stop the clock. Time of fall, as ma 


pointer attached th 
framework at the center of osc) Jatio 
of the pendulum indicates on cal 
the maximum height to which tho pe; 
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What does it mean? 


Just this—with 4 basic circuits and 8 basic com- 
ponent parts you can get over 100,000 different 
combinations of Bailey electronic instruments and 
controls for flow, temperature, level, speed, gas anal- 
ysis, etc. Furthermore, parts are interchangeable. 


Look how this simplifies your instrument problem. 
By specifying Bailey, you automatically reduce 
your stock of replacement parts. You begin to 
standardize your instruments as you do other 
equipment in your plant. And that means reduced 
maintenance costs. 


Maintenance men need less training—they quickly 
become familiar with the standardized Bailey 
parts—no time is lost in exploring a multiplicity 
of specialized equipment. For example—the 
amplifiers, slidewire units, and other basic com- 
ponents are standard for all combinations of 
Bailey electronic instruments. 


Write today for bulletin 17. You should have a 
copy in your file for ready reference the next 
time you specify process controls. Meanwhile, 
remember—4 plus 8 will give you over 100,000. 


BAILEY METER 
COMPANY 


1041 IVANHOE ROAD 
CLEVELAND 10, OHIO 


P-13 



























Bailey Electronic Recorder 
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Transportable Electrical Aircraft Analyzer and “Service Station” 


WILMINGTON, Ohio.— Two AAF 
civilian employees at Clinton County 
Army Air Field, P. G. West and 
Glynn Hoover, got tired running out 
on the line to diagnose trouble with 
small testing instruments and then re- 
turning to their shop for more instruc- 
ments and other equipment, so they de- 
veloped a portable “one-stop” electrica! 
service station for all planes on the 
field. This consists of a three-wheeled 
cart that can handle any repair or in- 
stallation emergency. It has been esti- 
mated that 50° more work can be ac- 
complished by the use of this instru- 
ment-studded cart on the All-Weather 
Flying Center’s diversified planes. The 
larger photograph shows the portable 
analyzer and _ service station being 
rolled out to the “work-horse,” Fair- 
child’s renowned C-82 packet. The 
smaller photo and sketch show instru- 
mentation details. 


’ 


AAF’s PORTABLE ‘“‘ONE-STOP”’ 


A-c voltmeter 

Frequency meter 

D-c voltmeter 

A-c ammeter 

Multimeter (measures ohms, a-c volts, d-c. 

volts, milliamperes and signal output volt- 

ages) 

6. D-c ammeter 

Starting and stopping controls for 

d.c. and 110-volt a.c. power plant 

8. Starting and stopping controls for 
d.c. power plant 

9. Set of receptacles represent 12- and 

d.c. and 110-volt a.c. power outlets. 


thw N 


12-volt 
24-volt 


24-volt 
Each 


ured with this circuit for one direction 
of travel, was found to be reproduci- 
ble with 0.01 second for a fall time of 
2.5 seconds. 

While various electrical methods em- 
ploying the conductive or magnetic 
characteristics of the falling ball had 
previously been used to measure its 
time of travel, none of these methods 
was considered completely satisfactory, 
owing to lack of sensitivity, poor re- 
producibility of results, or the compli- 
cated nature of the circuit required. 
The induction method used in the timer 
proved to be the answer to the problem. 
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ELECTRICAL SERVICE 
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outlet has a pilot light to indicate whether 
power is on or off. 

10. Test switches to test relays 

11. Four sockets to test standard-type bulbs used 
on aircraft 

12. Aircraft reverse current relay 

13. Carbon pile voltage regulator 

14. Lug soldering transformer 

15. Bench vise 

16. Drawer for grommets 

17. Drawer for lamp bulbs 

18. Drawer for switches, clamps, fuse posts 

19. Drawer for safety wire, solder and paste, 
spaghetti stakons 


Microhasdness of Steel 


KEARNY, N. J.—The hardness of 
microscopic grains in a piece of steel 
can be measured by a new device de- 
signed at the Research Laboratory of 
the U.S. Steel Corp. Still more mi- 
nutely, the new microhardness tester 
can gage the hardness of a single steel 
grain at as many as three points within 
the breadth of a human hair. 

Like other traditional hardness 
testers, but on a much finer scale, the 
Kearny device operates by indenting 


STATION FOR AIRPLANES 


AND LIST OF COMPONENTS 


20. Drawer for terminals 

21. Drawer for fuses 

22. Behind harness tester (No. 
battery 

23. Ignition Harness tester—20,000 volts 

24. 110- and 12-volt gasoline power unic 

25. 24-vole battery 

26. 24-volt gasoline power unit 

27. Aircraft energizer extension line 

28. Extension Cord 


is a 12 


23) 


Note: Behind the upper left-hand 
panel is a storage place for an extra 
of spare aircraft parts. 
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Its diamond-point penetrator, under 2 


load of a few grams, leaves a squ: 


mark which can rarely be seen by 


naked eye. The diagonals of this t 


square indentation are measure: 
microns. (A micron is 0.000039”.) 
reading is related to the load p 
on the penetrator so that hard 
may be computed. 

The operator of the microhar 
tester places the carefully-pol 
sample under the microscope on a 
able bed plate and selects the gra 
area to be tested. When this is 4 


ter- 
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Portable Flow Meter Installation 
on Portable Well Tester 


a 


NO WONDER there are so many of these port- 


able flow meters in use! They're designed for 
portability . . . light, easy to lift and lug... yet they're 
full-sized, standard Foxboro Instruments. These in- 
struments are primarily used for measuring and 
checking service on pipe lines. 

Although they weigh only 35 pounds, they're 
ruggedly constructed. Their frames are of stout alu- 
minum ... well-balanced . .. and sturdily supported. 
Meter chambers are forged steel for 500 or 1000 lbs. 


0) 4510) 5 


REG. VU. S. PAT. OFF. 


THIS FULL-FLEDGED, 






Portable Flow Meter 










The Foxboro Portable Flow Meter is 
equipped with a 5-valve piping manifold 
the two extra valves serving to prevent loss 
The 
mechanism chamber has a special shipping 
stop which operates through a stuffing box 
to clamp the float while meter is carried 

Other exclusive Foxboro Refinements .. . 
Sure-Seal Check Valves positively prevent 
mercury losses; Pressure-Tite Bearing elim- 
inates stuffing box and packing; Float in 
High Pressure Chamber minimizes tempera- 
ture errors 


of mercury during transportation. 





working pressure. Differential range is 100” .. . static 
range as desired. 

This mercury float type differential meter affords the 
best possible protection against overranging and loss 
of mercury. It is least subject to errors caused by tem- 
perature changes. Its calibration is simple . . . testing 
and checking are less frequently required because 
there is no occasion for spring-fatigue. Get all the 
facts. Write The Foxboro Company, 46 Neponset 
Avenue, Foxboro, Massachusetts, U. S. A. 


DIFFERENTIAL-TYPE 


FLOW METERS 
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A BRADLEY 


COPPER OXIDE 
Ma@ilai ae: 


INSTRUMENT RECTIFIERS 
FOR BETTER A.C. SCALE 





Vacuum-processed, gold- 
coated, full-wave bridge, 
Bradley instrument rectifi- 
ers allow more accurate 
determination of very low 
A.C. current. Especially de- 
signed for use where sta- 
bility and permanence of 
calibration are important, 
“Coprox” rectifiers meet 
the most exacting require- 
ments. Yet they cost no 
more than ordinary recti- 
fiers — in most cases, less. 
Temperature error is ex- 
ceptionally low with Brad- 
ley rectifiers. Aging is 
practically nil. Shown 
above, CX2E4F rated up 
. to 4.5 volts A.C., 3 volts 
\ and 5 milliamperes D.C. 


BRADLEY 


LABORATORIES, INC. 


82 Meadow St 


New Haven !0, Conn 
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mined the sample is transferred to the 
penetrator mechanism, The penetrator 
arm, balanced with its adjustable weight 
suspended on knife edges, slowly bears 
down its weight to make the indenta- 
tion. Then the sample is moved back 
under the microscope and the diagonal 
of the square indentation is measured. 
The device makes possible the measure- 
ment of hardness gradients within areas 
too small to permit satisfactory ex- 
ploration with any of the usual hard- 
ness testers. 

The mechanism consists of the inden- 
ter with a square-base, 136° diamond 
pyramid penetrator, the mechanical 
stage for holding the specimen, a mi- 
croscope capable of magnifying the 
test field 500 to 1500 times, and a con- 
trol box. All parts are assembled on a 
heavy cast-iron plate supported by steel 
legs which rest on insulated wooden 
blocks to minimize effects of vibrations 
present in the building. As many as 
sixty indentations may be made auto- 
matically at predetermined time inter- 
vals for surveying tiny gradients, 








Tiny diamond used to test the hard 
microscopic grains of steel in the Re 
Laboratory, U. S. Steel Corp. The pyr 
gem has a square base and is minut 
to a 136° angle. Its wedge point is <« 
of making three indentations withi: 
breadth of a human hair. 


which may have an important i: 
on the behavior of a fabricate 
uct such as a weld. 


Microhardness Tester being oeprated by a staff member at U. S. Steel Corp. Researc! 
Laboratory. Instrument comprises a penetrating unit (Jeft) and a mechanical stage (righ 
equipped with a microscepe capable of magnifying the steel test field 500 to 1500 time 
Hardness is determined by measuring the diagonals of a diamond-made indentation 


Microsecond Oscillograms Developed in 30 Secon 


SCHENECTADY, N. Y.—A camera 
with a speed of one-millionth of a sec- 
ond which produces a finished photo- 
graphic projection within 30 seconds 


| after the picture is taken has been 


developed by General Electric’s Gen- 
eral Engineering and Consulting Labo- 


| ratory here, 


Two feet long and one foot high and 


| deep, the camera is not portable. Fully 


automatic with the press of a b 
it is part of equipment develop« 
surge testing of apparatus us¢ 
electric power generation and t 
mission, where it is used in con 


tion with a cathode-ray oscillog 


(see Fig. 1). Since the total dw 
of the recorded voltage wave m: 
one-millionth to a few hundred 
lionths of a second, the camera 


y 
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FLOW RATE METER 
ELIMINATES 
‘“ BUBBLE COUNTING ” 





This compact flow meter is the answer 


to purge line (Bubbler) control instal- 
lation. 


. . true purge rate indication 
. easily and neatly panel mounted singly 
or in multiple, requires a minimum of 


space. 
. furnished with or without needle control 
valve. 
$9.00 per unit, without control valve 
(lower price when purchased in 
quantity). 


Write for catalog 31 


FLOW RATES 
AS LOW AS JCC/MIN. 
e INDICATED @ RECORDED e 
TOTALIZED e CONTROLLED 


WITH THE NEW 
RATO-TRONIC 






The Rato-Tronic instrument electronically 
transmits an F G& P FLOWRATOR (vari- 
able-area flow meter) float 
position reading to the secon- 
dary instrument and utilizes a 
servo motor operated without a 


slide wire as the power source. 


Write for catalog 52 


FLOWRATOR 


TRADEMARK } 


FISCHER & PORTER co. 


HATBORO. PA. 





= ; DEPT. 7S-5C 
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Fig. 1. Automatic camera-developer-pro- 
jector (upper cabinet) being used by N. 
Rohats. G-E engineer who directed its de- 
velopment. The high-speed camera is part of 
the surge-testing apparatus (larger cabinet). 


must be exceptionally high, according 
to Nicholas Rohats, G-E engineer who 
directed work on the test equipment. 

As soon as the photograph is taken, 
the operator pushes a button, thereby 
setting into action the automatic de- 
veloping equipment built into the 
camera (see Fig. 2). The development 
cycle is finished in 24 seconds, and the 
film moves into another compartment 
in which a projector reproduces the 
negative, enlarged about ten times, on 
a ground-glass screen at one side of 
the camera. This picture gives the op- 
erator an accurate record of the per- 
formance of the equipment during the 
application of the surge. 






HISTORIC.—At the Smithsonian Institution, Washington, D.C., the exhibit of 
early models of Sheffield precision measuring instruments and a pictorial his 
tory of measurements are attracting many visitors. Above, Carl Mitman, hea 
curator of engineering and industries (left), and Dr. Alexander Wetmore, se 
retary of the Smithsonian, are seen viewing the display. The instruments were 
presented to the Smithsonian last year by Louis Polk, president of Sheffield. 
to inaugurate a permanent display of precision measuring instruments. 

































Fig. 2. Close-up of the high-speed 
matic camera-developer-projector. It 
tains a camera which will take a picture 
in a millionth of a second, a rapid 
matic developer and a projector. Mr. Rk: 
hats is shown pouring hypo into one of the 
reservoirs. 


Mr. Rohats pointed out that the tim 
saved by the high-speed camera is sig 
nificant because of the large investment 
involved in the equipment under test 
the oscillograph, and the 
test set, a generator which produce 
surges up to 3,000,000 volts. With t 
new equipment, testing of electric a 
paratus will be speeded up as muc! 
ten times, he estimated. 
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EDITORIALS 


By M. F. BEHAR 


On Calibrating Without a Lab 


ear Mr. T: -: It is a pleasure to 
ply to your inquiry of June 21 regard- 
g the calibration of “thermometers 
d thermocouples in the range 0°F. to 
°F.” Our reply will necessarily be 
ief, because detailed instructions 
uld fill a book. 

From the fact that your letter is 
ritten by hand we conclude that yours 
a small plant and that the addition 

a thoroughly-equipped calibration 
boratory is out of the question. 

It seems to us that your choice of 
librating equipment should be gov- 
med by the accuracy expected from 
ese thermometers and _ pyrometers 
ter they have been in service for 
onths or years. If you want all your 
smperature instruments to retain their 
actory calibrations after years of serv- 
», you will either have to install a 
libration “laboratory” or send them 
ut periodically to be calibrated. Price 


Gists on various kinds of calibration 


ervices are obtainable from the Na- 
ional Bureau of Standards, from in- 
trument manufacturers and from in- 
ependent instrument service shops. 

The expression ‘various kinds of 
alibration service,” which I used above, 


@mplies that there is no such thing as 


ust “a calibration” to be performed for 
you by the Bureau or by commercial 
bstablishments. That is true and it is 
something for you to bear in mind. For 
pxample, the iiterature you will receive 
from the Bureau will describe a dozen 
of services 
which it renders. 

Another factor that should govern 
your decision is the depth of immersion 
pf each thermometer stem and thermo- 


- ————————————— 


Instrument Prices 





refuted 


N our April editorial 
@ the War Assets advertising asser- 
ion that instruments are “expensive.” 


we 


Ine reader wrote that some instru- 
nents (not named) are priced “much 


Hoo high” and that a magazine serving 
nstrument buyers should crusade for 


rice reductions. 

If we did so, fewer instruments would 
¢ bought, fewer made. Without oppor- 
unity for quantity-production methods 
nd with skilled craftsmen receiving 
well-deserved) raises, prices would go 
p. Moral: to bring down prices, buy 
1ore. 

That’s not the whole story. Our critic 
ay have been startled to discover 
normous price ranges. The best ex- 
lanation is to cite once more “The 
wo Ammeters”: one for automobiles; 
he other a laboratory Standard priced 
ne thousand times as much .. . because 


Ht costs 1000 times as much to make. 


0 when you learn that one instrument 


8 priced only twice as much as another 


f the same category, remember this 
actor of one thousand. 
\nother “1000” to remember is that 
thousand instrument manufacturers 
ompete for your orders. 


couple assembly in vat or 
other apparatus where it is installed. 
This is an important factor and we 
shall discuss it separately for thermom- 
eters and pyrometers. 

Thermometers. Even short-stem 
thermometers different readings 
(for the same temperature around thé 
sensitive portion at the end of the 
stem) under different conditions of in- 
stallation. The calibration apparatus, 
therefore, should closely duplicate the 
conditions of permanent installation in 
your ovens or tanks or other apparatus, 
or else a correction factor should be 
determined. 

Thermocouples. The same holds true 
for a new thermocouple assembly en- 
closed in a protection tube: the calibra- 
tion equipment should closely duplicate 
the installation or should yield the ap- 
propriate correction factor. But thermo- 
couples become inhomogeneous in actual 
service and this is what complicates 
the calibration of industrial thermo- 
couples—even those enclosed in  pro- 
tection tubes. To “duplicate” the in- 
stallation is well-nigh impossible because 
this would mean duplicating its tem- 
perature gradients which affect the 
emf. developed by any inhomogeneous 
thermocouple. To arrive at a correction 
factor is also well-nigh impossible. In 
general, therefore, the first thing to do 
in calibrating any thermocouple (other 
than a brand-new one accompanied by 
a guarantee of homogeneity) is to 
check it for inhomogeneities and either 
throw it out if very bad or “save’”’ it if 
possible by cutting out the contami- 
nated lengths and joining the severed 
ends by the method appropriate for the 
particular material. If most of your 
thermocouples are inhomogeneous, you 
need not discard all of them, or mis- 
trust the future readings of all of them: 
a really expert service engineer will 
give you the benefit of “tricks of the 
trade” whereby, for the next six months 
or so, you will be able to have confi- 
dence in the readings of the couples he 
passes—if they are not disturbed or 
contaminated after he leaves them. 
Which brings me to the next subject. 

Checking Installed Instruments. Per- 
haps the most practical immediate so- 
lution of your problem is to “check” 
your instruments, not to “calibrate” 
them. To me, a calibration has always 
meant the comparison of an instrument 
(or component such as a couple) against 
a standard or a set of standards at a 
number of points throughout its range. 
Such true calibration is necessary for 
a portable instrument which is used to 
measure a number of different tempera- 
tures with accuracy. “Checking” may 
mean many different procedures but in 
your case it would mean that an ex- 
perienced man would insert a _ high- 
grade temperature-measuring device 
alongside of every thermometer and 
thermocouple in your plant to check its 


the oven, 


give 


OW is the time to make final 

plans to attend he ISA’s Sec- 
ond National “Instrumentation for 
Tomorrow” Conference and Exhibit, 
to be held in the Stevens Hotel, 
Chicago, Monday to Friday, Sep- 
tember 8-12. Every Instruments read- 
er who can come should do so, for it 
will benefit him—AND HIS FIRM. 
(Yes, an even larger number should 
attend on company expense than 
did last year—executives as well as 
technical employees.) 

All technical sessions will be out 
standing. All prominent instrument 
firms will exhibit their new post- 
war devices. All signs point to a 
memorable occasion. 

accuracy at that particular tempera 
ture and in that particular set of in 
stallation conditions. If its accuracy is 
“satisfactory” (depending on the proc 
ess, etc.—you are the judge), nothing 
else need be done until the next visit of 
the service man. If its accuracy 1s “un 
satisfactory,” well, it would take many 
pages to describe how to locate the 
sources of trouble, how to decide 
whether they are remediable or whethe) 
the instrument should be scrapped, etc 

Standard Instruments. In the fore 
going paragraph we mentioned the use 
of “high-grade temperature-measuring 
devices” by an outside expert to check 
your installed thermometers and py 
rometers. If you have more than twenty 
thermometers and thermoelectric py 
rometers the purchase of Plant Stand 
ard instruments would prove a_ wis 
investment. These Plant Standards 
could be (1) a mercurial thermometer, 
(2) a resistance thermometer outfit and 
(3) a thermoelectric pyrometer—lI can 
not make any recommendation without 
knowing many details. Or they might 
consist of one portable potentiomete) 
with accessories (one versatile instru 
ment designed for use with resistance 
primary elements as well as_ with 
thermocouples), together with an as- 
sortment of resistance “bulbs” and of 
thermocouples. 

With such Plant Standards, the value 
of your working instruments would be 
greatly enhanced and you would save 
money in many ways: fewer 
better uniformity of products, etc. 

It goes without saying that the co: 
rect use of Plant Standards requires 
some knowledge. The essential knowl 
edge can be acquired easily from the 
instrument manufacturers’ instruction 
booklets and from. readily-available 
handbooks. No special skill is required 
for the routine use of modern high- 
grade temperature-measuring instru 
ments. Experience is not necessary for 
routine work but whatever man is as- 
signed to this job will eventually ac 
quire experience of great value in solv 
ing unusual problems and in handling 
unforeseen situations. 

Electrical Instruments. You do not 
mention the type or types of instru 
ments which translate thermocouple 
emf’s into temperature indications 01 
records. I don’t know whether they are 
simple direct-connected portable minia- 


rejects, 


July 


1947—I nstruments—Page 611 

















a 


ture millivoltmeters, or switchboard 
millivoltmeters with multiple switches, 
or elaborate switchboard recorders of 
the self-balancing type with automatic 
standardization, automatic switching 
and identification of the multiple rec- 
ords. Whatever they are, their care is 
just as important as that of the ther- 
mocouple assemblies. From your in- 
quiry I suppose that you do not have 
any recorders. An excellent investment 


for you to make immediately is Spen- 
cer’s “Maintenance and Servicing of 
Electrical Instruments.” The two-dollar 
price of this unique book is less than 
the usual minimum price of a service 
man’s call. 

Our March 1947 editorial, “On Start- 
ing an Instrument Department,” may 
contain other helpful hints. 

Cordially yours, 


M. F. BEHAR, Editor 


Airline Pilots Train With New Instruments 
A GUEST EDITORIAL 


By E. A. POST, Superintendent of Navigational Aids, United 


O fully utilize the latest type in- 
§ Pew developed during and 
since the war for aircraft operations 
in flight and on the ground, the nation’s 
airlines are carrying on extensive train- 
ing to acquaint personnel with the new 
devices and the simplified procedures 
required for their effective operation. 

Such training programs reflect the 
coordinated effort taking place in the 
aviation industry in the development of 
new instruments, new methods and im- 
provements in established procedures. 
It’s all a part of air transportation’s 
in making available greater 
speed, comfort and operating efficiency 
to the nation’s air travelers. 

In many cases the airlines are taking 
advantage of instruments developed by 
the Army and Navy and first used dur- 
ing the war. In other cases, entirely 
new instruments have come out of the 
constant research within established 
agencies such as ARINC (Aeronautical 
Radio, Inc.), ANTC (Air Navigation 
and Traffic Control Group of the Air 
Transport Association), and RTCA 
(Radio Technical Commission for Aero- 
nautics). 

Training of personnel in the use of 
new facilities might be termed the end 
product in their technical development 
before actual use, but airlines opera- 
tions men consider this phase as impor- 
tant as the design of the instrument 
itself. Without full knowledge of how 
best to use a new device, the basic pur- 
pose of such a device is sometimes lost. 

United Air Lines, holder of many 
“flying firsts” and long a leader in the 
improvement of existing facilities, is 
currently conducting an ambitious flight 
training program designed to prepare 
its pilots to use automatic instrument 
approach procedures in scheduled op- 
erations. The company has been equip- 
ping all its four-engined Mainliners 
with new-type instrument landing de- 
vices, plus automatic approach facili- 
ties. United’s Mainliner 230’s (C-54’s) 
for example, have the new Sperry A-12; 
its Mainliner 300’s (Douglas DC-6’s) 
are equipped with Eclipse-Pioneer PB-10 
automatic pilot. Such equipment, com- 
bined with automatic flight path com- 
puter, is recognized as a major devel- 
opment in conquering the problem of 
maintaining flight schedules regardless 


progress 
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of weather and at the same time reduc- 
ing the cockpit load. 

Before such devices can be adopted 
for commercial operations, however, all 
United’s flight captains are being 
checked out in the use of automatic 
instrument approach equipment and 
procedures. 

To do this most effectively and eco- 
nomically—and in a _ shorter time— 
United has installed automatic radio 
navigation units on its fleet of Link 
trainers. Used in conjunction with flight 


F a picture is worth ten thousand 
words, we really have two guest 
editorials—one on the cover. Jim 
Tally’s showing of the latest train- 
ing recorder to United’s flight man- 
agers deserves close “reading” .. . 
and you will “read” it closely after 
you have read what Eddie Post has 

written especially for you. 

—MFB 





training, these ground units provide the 
company’s flight personnel with funda- 
mental instruction in all phases of in- 
strument flying. 

The new Link units manufactured 
by Curtiss-Wright are designed to: 

1. Provide automatically all navigational 
signals and indications previously supplied 
manually by the Link operators. 

2. Provide ILS localizer, glide path and 
marker indications automatically, and 

3. Record on a circular chart the track, 
or “flight path,” traversed by the Link 
trainer in its simulated flight. 

By use of the new training equip- 
ment, any desired problem can be set up 
to simulate flight over existing naviga- 
tional facilities. For instance, the initial 
approach can be made on the regular 
aural range with holding procedures be- 
ing performed, utilizing a fan marker, 
a compass locator, or both, and then 
making final approach to the field utiliz- 
ing the localizer, glide path and marker 
indications normally associated with the 
ILS system. In the meantime, the auto- 
matic direction finder indicator may be 
used to show the position of a range 
station or compass locator. As in the 
periodic instrument checks, the manual 
direction finder feature of the unit may 
be used for taking aural-null bearings 


and performing aural-null na 
problems. 

Even wind—up to 120 mph 
any direction—can be introd 
the problem to make it wholly 

The Link’s flight track is r 
a 15” cireular chart. An 
system is used for communi 
tween the Link pilot and inst): .¢t 
simulate radio contacts betwe 
and ground stations. (See phot: ra) 

In addition to extensive « oy 
in the new-type Links, Unité 
must accumulate additional 
training in planes equipped \y 
type electronic automatic pilots 
corporating automatic appro: 
trols, making numerous manua st 
ment approaches to 50-foot altitude. 7 
top off their training, they must ma 
a number of fully automatic inst rumey:; 
approaches “under the hood.” 1] 
pilots must then pass an examinat 
on automatic instrument ay; 
equipment and procedures. 

The new Curtiss-Wright Li 
not only provide automatically 
nals for present navigation a 
control systems, but can be 
modified to fit in with such n 
ments as the omni-directional] 
distance-measuring equipment, mult 
track computers and other devices 

The story of the development of s 
of these new airline aids pro 
good picture of the codperativ 
which characterizes today’s instrum: 
program, Most activity consists in: | 
Testing and evaluating new inst 
ments and procedures; (2) improv 
the design of present instruments, : 
(3) planning for the future. 

For years, United Air Lines operat 
a flight research plane, or flying lab 
tory, in which new developments ‘ 
tested under actual airline operat 
conditions. With this plane, United ca 
ried on pioneering work looking towa1 
the standardization of instrument la: 
ing systems and collaborated in d 
oping the terrain clearance indicat 
or radar (absolute) altimeter. 

Today, the airlines are not requir 
to do so much research and devel: 
ment. United, for instance, could 
hope to accumulate the background 
information collected through Arn 
and Navy research during the wa 
Governmental, manufacturing and 
erating groups such as the ATA 
RTCA, ANTC and ARINC, all w 
staffed, provide the means for coordina 
tion on an industry-wide basis in ord 
to obtain necessary standardizati 
However, owing to the number a! 
complexity of the problems, the a 
lines still contribute substantially 
the overall research and development 

Furthermore, the airlines’ operating 
experience still determines the bas! 
requirements. Take the case of th 

’ 


cross pointer-instrument for ILS. This 


compact mechanism, which indicates 4 
incoming plane’s position in relation t 
the glide path and localizer rad 


beams, was first developed by gover: 


mental agencies. In actual flight opera 


tions, however, the airlines found that 


(Continued on pag: 
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Fig. 1 
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N industrial plants, the standardiza- 
tion and calibration of electrical in- 
dicating instruments is ordinarily 
considered a job for the standardization 





laboratory of the instrument manufac- 
turer, or for a well-equipped commercial 
testing laboratory. The complications 
involved in setting up a potentiometer 
and auxiliary equipment for instrument 
calibration have always been formid- 
ably technical and time-consuming. 

A transportable potentiometer test 


table has been designed that is accurate 
and convenient to use. Circuits are set 
up for instrument standardization by 
the simple procedure of throwing a few 
switches. The only external power re- 
quired to 


operate the potentiometer 
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A Transportable Potentiometer Test Table 
Instrument Calibration 


By WILLIAM A. CASTNER, Instrument Engineer, Measurements Corporation, Boonton, N. J. 


and to activate the instrument under- 
going standardization is a 110-volt 60- 
cycle power line. The over-all accuracy 
for measuring any electrical function: 
volts, millivolts, amperes, milliamperes, 
watts and ohms, is to 5 parts in 10,000 
or better. The range of voltage that can 
be applied and measured is from 100 
microvolts to 1200 volts. Current can be 
measured from 10 microamperes to 10 


amperes. By the volt-ampere method 
any value of resistance can be deter- 
mined from 100 microhms to 10,000 


megohms, Any wattmeter can be stand- 
ardized whose range in volts X amperes 
is within the range of the test table. 
In a circuit involving the potenti- 
ometer principle, a known fractional 


































voltage 


part of supply 
balanced against an unknown emf. 


some steady 
with 
a view to determining the value of the 


latter. This method of measuring volt 
age (the Poggendorf method) is the 
fundamental principle of the potenti 


ometer. The circuit and operation of the 
simple potentiometer is discussed in 
most engineering textbooks and need 
not be into at The 


potentiometer permits direct voltages to 


length here 


gone 


be measured with a high degree of pre 


means of a standard cell a 


cision, by 
the known emf. Essentially, the poten 
tiometer is a high-precision indirect 


reading voltmeter of infinite impedance 


Figs. 1, 2, and 3 are three views of 
the test table; Fig. 4 is the complete 
Wiring diagram in a combination of 
pictorial and schematic. 

The d-c. power source for applying 
the potential to activate the instru 
ments under standardization is an a-c 
rectifier employing mercury vapo 


diode tubes, the output of which is elec 
tronically regulated. 


The power source consists of tw 
separate power supplies. One can sup 
ply d-c. power from 0 to 250 volts at 


500 milliamperes; the other from 250 to 
1200 volts up to 100 milliamperes cur 
rent drain. 

These 


under the test table, one on top 


mounted 

of the 
other, as can be seen in Fig. 1. All co 
nections from the power 
control panel are by means of cabl 
the 
plies may easily be removed for servi 


power supplies are 


supply to the 


and connectors so that power sup 
ing and tube replacement, if necessary 

The source of the steady supply vol 
age that is standardized 
standerd cell is three 


against the 
Edison pri al 
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3 f about 0.95 volts each, connected 
copies with a current - regulating 
t rhe tat mounted on the control panel. 
PThe primary cells are mounted on the 
deck of the test table in the rear 


#] owe 

Sight corner. Edison primary cells are 
ideally suited for this application by 

Season of their long shelf life and good 


Bstand-by service. No charging is neces- 
isary and the elements should only need 
replacement after several years of 
moderate service. 

For calibrating ammeters of a range 
greater than 100 milliamperes the cur- 
rent source is storage batteries set in 
the lower left of the test table. The slide- 
wire rheostats mounted on the left of 
the test table are in a series-parallel 
combination with the storage cells to 
regulate the value of the current. 

The standard cell, the source of 
known emf. used in this test table, is 
the Weston unsaturated type of cad- 
mium cell, with an average electromo- 
tive force of 1.01865 volts. 

| The potentiometer is a Weston 
| Model 175, with a range of 1.6 volts. 
} When the actual emf. being measured 
iby the potentiometer is greater than 
0.001 volts, the accuracy of this poten- 
tiometer should exceed 1 part in 10,000. 
| When the emf. to be determined is near 
1.0 volt the accuracy is 1 part in 100,- 
000. A Leeds & Northrup Type K-2 
potentiometer can be substituted in the 
test table without any circuit changes. 
The ‘slide-wire rheostat cabinet on 











| sensitivity 200 ohms per volt, range 3 





the right front of the test table consists 
of three slide-wire rheostats, of 3220, 
1770 and 22 ohms. These rheostats are 
in a series-parallel arrangement with 
a 100,000-ohm General Radio rotary 
rheostat that can be switched in or out 
of the attenuation network by a double- 
pole double-throw switch mounted be- 
low the rheostat knob. The 100,000-ohm 
rheostat is to be able to reduce the ap- 
plied voltage to very small values. For 
higher values of voltage the 100,000- 
ohm rheostat is taken out of the circuit. 
| An I-shaped piece of Bakelite is fas- 
+ tened to the sliding member of each 
rheostat as a guard to prevent the 
' hands of the operator from coming in 
' contact with any part of the rheostat. 
The auxiliary equipment for extend- 
ing the range of the potentiometer con- 
sists of: 
(1) A Leeds & Northrup standard 
shunt, range from 0.075 to 7.5 amperes, 
accuracy 4 parts in 10,000; 
(2) A Leeds & Northrup volt box, 
» 
to 750 volts, accuracy 4 parts in 10,000; 

(3) A milliampere shunt box made 
up from precision resistors (accuracy 
) parts in 10,000), range 10 to 100 mil- 
liamperes for 1.0 volt drop across the 
potentiometer. Its calibrating range 
can be reduced 10 to 1 and 100 to 1 by 
changing the range of the potentiome- 
ter. It can be used to calibrate milliam- 
meters of ranges from 10 microamperes 
to 100 milliamperes. 

All switches and controls are situ- 
ated on the table top or the control 


panel to he readily accessible. On the 


table top to the right of the operator 
are two double - pole double - throw 
knife-blade switches. The four possible 
positions of these switches are identi- 
fied with labels of the four electrical 
functions: volts, amperes, milliamperes 
and millivolts. In the center of the test 
table are two sets of binding posts, 
labeled to indicate that connections are 
to be made for voltmeters, milliamme- 
ters, and millivoltmeters to one, and 
ammeters to the others. The galva- 
nometer and the control knob of the 
rheostat for adjusting the standardiz- 
ing current of the potentiometer are on 
the left of the control panel immedi- 
ately in front of the operator. In the 
center of the control panel is a d-c. 
voltmeter, 0-1000 volts, and a d-c. am- 
meter, 0-10 amperes, for control pur- 
poses. They indicate the potential ap- 
pearing at the potential binding post 
and the current flowing from the am- 
pere binding post to prevent excessive 
overloads being applied unknowingly to 
instruments set up for calibration. 

The power supplies are so designed 
that when the power cord from the 
back of the test table is plugged into a 
110-volt 60-cycle line all the filaments 
of the tubes are on. The two switches on 
the control panel apply the plate volt- 
age to the rectifier tubes of the powe1 
supply selected. This is done this way 
to prevent plate voltage from being ap- 
plied to the mercury vapor diode tubes 
before the filaments are warm. (If this 
were not done the life of the tubes 
would be impaired.) 

There is a plate voltage switch, neon 
pilot light and control knob for each 
power supply on the right of the control 
panel. These are arranged in a vertical 
parallel line. At the lower right of the 
control panel is a rotary type double- 
pole double-throw switch for selecting 
the proper power supply. The position 
of the switch is labeled to indicate 
which of the two sets of controls is con- 
nected to the attenuator network for 
application to an instrument at the 
binding post. 

The control knobs on the right of the 
panel associated with the power sup- 
plies are feedback controls to the grid 
of a 6SN7 tube of the electronic regu- 
lator section of their respective power 
supply. This gives a voltage control of 
the upper third of the output of each 
supply. To the left of the control panel 
on the side of the control panel box is 
a small panel with two binding posts 
and a switch. When this switch is in 
the ON position, connection is made di- 
rectly to the output of the high voltage 
power supply, and the attenuator net- 
work is disconnected. This is done for 
voltages in excess of 800 volts. There is 
some current drain in the attenuator 
system when it is connected, and it pre- 
vents the power supply from delivering 
its maximum output. These binding 
posts were purposely placed near the 
volt box so that when calibrating a 
high-range voltmeter, the range of the 





t box ca be extends 
ary volt box having the same sensit 
of 200 ohms pet 


be safely and readily made 


PROCEDURES 

Let us assume that it is desired 
make a calibration check and provide 
calibration curve for a milliammete: 
with a range of 10 milliamperes, use 
as a standard in an 
ment. The 
into a 110-volt 60-cycle power line and, 


Inspection depa 


power line cord is plugged 


after a few minutes to warm up 
filaments of the mercury vapo1 
tubes, the plate voltage switch of the 


rect i fie 


low-voltage power supply 
Next, the potentiometer 
against the standard cell by adjusting 
the current from the Edison primary 
cells. The control for this operation 

on the left of the control panel as pr 
viously 
milliampere shunt box is set to 10 mil 
amperes and the potentiometer is set t 


is turned or 
is standardize: 


described. The switch on the 


measure 1.0 volt. One of the d-p.d-t 
switches is thrown as labeled to t 
milliampere position. The instrument t 
be standardized is now connected to the 
right-hand set of binding posts, and the 
attenuating slide-wire rheostats are ad 
justed until the potentiometer is at nul! 
balance. A current of 10 milliamperes 
is now flowing through the milliam 
meter. The reading can be noted aud 
the correction can be tabulated. Read 
ings on down the scale of the milliam 
meter can be read by bringing the po 
tentiometer to balance, measuring volt 
age in the proportion of 1.0 volt to 10 
milliamperes. 

The procedure for calibrating or 
standardizing voltmeters or ammeters 
is similar. The d-p.d-t. function switches 
are thrown to the function desired and 
the proper range selected on the volt 
box or the ampere shunt box. 

To demonstrate the versatility of this 
test table, let it be required to dete 
mine the resistance of a resistor whos« 
value is suspected to be of the order of 
10 megohms. Connect the resisto. 
across the right-hand binding post and 
then, by throwing the proper functio: 
switch to volts, measure and apply 1000 
volts. Then do not change the attenu 
ator setting, but change the functiona 
switch to measure the current flowing 
through the resistor, which should be of 
the order of 100 microamperes. By 
Ohm’s Law, the exact value of the re 
sistor can be calculated to within 0.1‘ 

Wattmeters can be calibrated by cor 
necting the potential coils of the watt 
meter to the voltage binding post, and 
the current or field coils to the current 
binding post, then, alternately measur 
ing the current and potential applic 
the wattmeter will indicate the product 
of volts and amperes or watts. 

This test table is not available con 
mercially, but most of the electrica 
components are readily obtainable or 
the market and, moreover, the writer 
authorized to state that Measurements 
Corporation welcomes inquiries fron 
interested persons. 
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esting Precision Timing Instrumenis 


By G. WILEY, 17 Van Reypen St., Jersey City 6, N. J. 
(Chief Horologist, A. R. & J. E. Meylan, New York City.) 








NDUSTRY today is becoming in- 

creasingly conscious and apprecia- 

tive of the innumerable duties tech- 
nical watches perform. Although such 
watches were being manufactured dec- 
ades ago, their widespread applications 
to industry could not be foreseen then. 
Technical watches as we know them to- 
day differ greatly from the old so-called 
sport watches. These were used almost 
exclusively in timing sporting events. 
The performances of those pioneer tim- 
ing instruments left much to be desired. 
Had there not been many improve- 
ments, industry today would not seek 
the services of timing instruments so 
extensively. 

However, it must not be taken for 
granted that all watches one sees so 
elaborately advertised as technical 
watches are truly technical in the sense 
that they meet the requirements of 
technical men; far from it! 

Unfortunately for the buyer, the 
quality is a concealed element. Nicely 
polished nickel-plated organs, rubies 
well in sight, might please the eye of 


or a chronograph,* everything would 
appear so complicated that it would be 
impossible for him to differentiate be- 
tween the superior and the inferior 


specimens. Choosing the proper type of 


precision timing instrument best suited 
to one’s needs with regard to perform- 
ances and accuracy is a matter of seri- 
ous consideration and great importance. 
Before purchasing a timepiece or having 
a valuable timing instrument repaired, 
it is advisable to consult a technical 
watch specialist who will give detailed 
information and authoritative advice 
regarding the performances of watches 
and other timepieces. 


Precision is the criterion of all timing 


instruments. A precision timing instru- 
ment must perform according to rigor- 
ous specifications. In making tests war- 
ranting great exactitude, an engineer 
would not chance to use an inferior or 
badly-adjusted timepiece any more than 
a pharmacist would risk poisoning his 
customers by using an inferior scale in 
concocting his prescriptions. Length, 


mass and time must be meas 
rectly if at all. 

Standards of performances 
established for a wide variety 
nical watches for the certifi 
their dependability and accura 
problematical how many wrist 
graphs on the market today c 
form within the tolerances listé 
following Program and Crite: 
were suggested by the Nationa 
of Standards, Washington, in 
to the report of a test progran 
was sent for consultation and 


PROGRAM OF TEST 
Period 1. 4 days in the dial-u) 
position with the sweep hand 1 
ning. 


Period 2. 4 days in the crov 


(CD) position with the sweep ha 


running. 
Period 3. 1 day in the dial-u; 
position with sweep hand not 1 


Period 4: 4 days in the dial-u; 


position with the sweep hand ru 


Pe riod 5. 
(CD) position with the swee} 
running. 

Period 6. 
cluding the starting, stopping a 
back of the sweep hand. 
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the tolerance for criterion 9. 


Get. 20, 1984 


4 days in the crow: 


4 runs of one hour ea 














. . *The generic hronogray s used throug 
the buyer but may hide materials of . 4.1, jnctoad of the formal term chronoscope. Th 
poor quality or serious defects in con- chronograph which we wrongly utilize to designate cert 
struction. Even if the occasion were hronometric instruments is a Greek etymology. It 

6 . ormed of two roots chrono*’” meaning 
given the layman to scrutinize the in- a : in cite 
terior of a complicated timing instru-  aponose " Greek : g 
ment such as a_ split-second timer “I ex 
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te ] 1. Mean Correct f } Hours in Bach , eine . 
~ secondas as the Na e } 
Position J \ ; 
a ‘ This is computed f Periods 1 and 2 in si Pairk 
2g ‘rection for 24 12 This | mput :' oo poo at 
Mean corre t ent : which the sweep hand Ss not running The l I 
yu in each position (use mean correction for each period is found by nd | nd i 
yhicnever is the larger). Peri- taking the algebraic mear f the four cor lifterence in the meal 
s a and 2). rections in each period. Neither of these ‘*W®° _~ aN oe eee ‘ ‘ 
sng d ‘ 2 means should exceed the tolerance for this ‘eS mypgstserceaige- egal ‘ 
2. Maximum correction for +15 criterion. Suggested tolerance, 12 seconds ; rae ia pn sh Asse . 
| . . bs =e 0 seconds. (This criterior 
94 hours in either position. 2. Maximum Correction for 24 Hours in eth ne , e th aianiee sate , 
j 7 7 > ; U el ining of 1e & eer n © pe 
< (Periods 1 and 2). Either Feertion formance of the wat ) 
1¢ ; ‘ difference in = This is computed for periods 1 and 2 in » weap Correction 
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3 5 . ‘Pavence ; 10 ceed the tolerance for this criterion. The : A 
6. Maximum dif erence in suggested tolerance is 5 seconds. (This cri- teSt was designed primarily for prov 
‘the mean corrections in the terion shows the “repeatability” in perform- ing or disproving, to my own satisfac 
‘sada same position with the sweep ance for 24 hours under similar conditions.) tion, the validity of accuracy claims 
, hand running and not running. }. Difference in the Mean Corrections fo made for this particula: tvpe of time 
. . the Two Positions " le 
) d Periods ject ce 
(Periods 1 and 4, an I This is computed as the algebraic differ piece. nr 
he 2 and 5). ence between the mean correction in Period Another object of the test was to pro 
Nand not 7. Mean correction for 1 + 1.5 1 and the mean correction in Period 2. This vide a basis or a ranging point for out 
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up (DI watch. (Period 6). 10 seconds. (This criterion shows the effect !™& Of wrist chronographs 
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up (DI Other test programs varying in mass watch. ) National Bureau of Standards follows 
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| Temperature -rate 
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OF THE TEST UNDER CLASS A | . oC 
Bureau of Standards 
or Agassiz, 17-jewel WATCH 
Number 244524 | 
25.}———_—_— 4 . - 4 
Rated at the Bures tandards 
tom Aug. 21, Oct. 20, 1944 " 
a % 
POSITION saan Pepe P ey . a 
Vertical, Pendant Up 27.9 <0.40 26.2 *3.73 1.66 & 
Vertical, Pendant Right 2 27.1 3,80 6.0 +*2,.93 3.36 \ 20+ + + + 
Verncal, Pendant Left ; 25.2 -0.93 i) 25,4 #1.13  *9.10 a i 
Horizontal, Dial Up ‘ 26.4 +*0,.67 25.9 1.43 41,05 rey 
Honzontal, Dial Down s 28.4% +1.17 6 28.3 41.53 *1.35 
Horizontal, Dial Up 2 2.4 7,28 a 
Horizontal, Dial Up 21.5 1.20 A Pius + Rate ~ Losing 
Horizontal, Dia! Up ‘ 34.9 0,28 A Mow Rate ~ Gaining “T) 
| Vertical, Pendant Up 26,2 +400 % | 
| = (S}-—+- + 
DERIVED RESULT X 
| x Ano owed . 
| 
’ , 9.30 Q 
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| | 
. a 1 i | J — 
-4 -2 +2 +4 +6 +8 +10 +12 +14 
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EMAND for time interval signals 

accurate to a microsecond in navi- 

gation, seismology, and geological 
surveys, led to the development of the 
crystal clock, utilizing electronic cir- 
cuits instead of conventional clock mech 
Developed by the National 
Bureau of Standards, the crystal clock 
broadcasting time 
pulses throughout the the only 
continuous time signal service provided 
by any country. One or more of the 
frequencies broadcast continuously (5, 


anisms, 
is now one-second 


wi rid 


10, and 15 megacycles per second and 
2.5. Me. at 
the 


These 


night) may be received on 


usual short-wave radio receiver. 
highly-accurate time signals, 
which proved of great assistance to the 
Armed World War II, are 
now providing an expanding peacetime 
service to industry, scientific laborato- 


Forces in 


and schools, 

The heart of the Bureau’s crystal 
clocks consists of a flawless crystal of 
quartz with series resonance frequency 
of approximately 100,000 or 200,000 
cycles per second. By electron-tube cir- 
cuits the erystal is continuously oscil- 


ries, 


lated and the resulting frequency is 
divided with no loss of accuracy to 60 
cycles per second. This 60-cycle fre- 


quency supplies power to a synchronous 
motor which, through gear trains, drives 
contacts that give intervals of one min- 
ute, five minutes, and thirty minutes 
to control the automatic announcement 
equipment of the transmitters. The mo- 
tor also operates a one-second contact 
which opens an electrical gate and al- 
lows a highly accurate seconds pulse to 
be broadcast. 

The accuracy of the seconds pulse 
does not depend on the closing time of 
the contact. The accuracy is determined 
by the crystal oscillator frequency 
which controls a square-wave generato1 
and the adjustment of this generato: 
which supplies voltage to an amplifier 
during alternate 1/200th second inter- 

ils. A standard 1000-cycle frequency 
amplifier so that the out- 
f groups of five cycles of 
1000-cycle frequency spaced 1/200th 
second apart. During the time when no 
signal is being passed by the amplifier, 
the is closed and it is 
opened during the next no signal pe- 
iod. Therefore, the seconds pulse con- 
sists of five cycles of 1000-cycle fre- 


mnt « = 
pul consis\ 


seconds contact 


given once each second, supply- 
pulse 1/200th second 


quency 


ing a seconds 
































ties, the pulses are accurate to one part 
in one million. In other the 
length of a one-second interval as broad- 
cast is accurate to one microsecond. An 
interval of one minute or larger is accu- 
rate to a few parts in one hundred 
million. 

However, to supply an accurate time 
interval is one thing; to supply a time 
signal with a high absolute accuracy is 
quite another. The Bureau depends 
upon the Naval Observatory to supply 
the absolute time and differences be- 
tween this and the time signals broad- 
cast from the Bureau’s radio station 
WWYV at Beltsville, Maryland. As these 
differences are based upon data ob- 
tained both before and after radio time 
signal has been transmitted, it is neces- 
sary to extrapolate continually the data 
from a known correct value two or more 
weeks in the past. For this reason there 
are days when the error to the abso- 
lute value of the broadcast time may 
be as great as 0.02 second. 

The quartz crystal of the clock is cut 
to a certain size and at an angle to the 
axis of the mother crystal to give the 
desired frequency and temperature co- 
efficient. Each clock also has a driver 
circuit arrangement and frequency-di- 
viding equipment. The rate of the crys- 
tal clock depends on the temperature, 
pressure, and humidity of the air 
around the quartz plate, and the oper- 
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rystal Clock for Accurate Time Sigr 3 


By VINCENT E. HEATON, National Bureau of Standards, Washington, D. C. 


ating voltage of the circuit 
the frequency-conditions whic 
extremely accurate control. 
and humidity are maintained 
ing the quartz plate in a giass 
enclosure; temperature is held 
by placing the quartz plate ar 
important parts of the circuit 
ment in-a constant-temperatur: 
There are certain similarities 
ferences in the crystal clock 
conventional pendulum clock. | 
affected by changes in 
temperature; but these conditi 
be controlled. The pendulum clox 
ever, is affected by changes in thx 
tational constant to such an ext 
changes in water level in the 
or the tides when the clock is nx 
seashore, may result in a mea 
change in rate. Such changes in ; 
produce no noticeable effect on t 
of the crystal clock. It is poss 
compare crystal clocks at high fr 
cies to determine erratic behavio 
rately. This has not 
pendulum clocks. 


pressu 


been dons 


At the Bureau the equipment used : 
crystal c 
measures accurately in a few seconds 
change of rate equivalent to 1 secon 


comparing the various 


50 years. During one month, the c!} 
in the rate of drift of a good « 
clock may be less than +1 part i: 
hundred million. Therefore if th 
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absolute accuracy of the fre- 
quency of the crystal oscillator is at 
present within a few parts in one hun- 
dred million. Although the seconds 
pulses are obtained by exact division of 
the quartz plate frequency, owing to 
possible phase shifts and other difficul- 
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Fig. 1. Interior view of the NBS 100-kc. 
standard frequency oscillator which provides 
the constant frequency controlling the crystal 
clock. Quartz-crystal unit, in evacuated con- 


tainer, and part of oscillator circuit arrang: 
ment, are shown in temperature-controlle: 
compartment. Layers of aluminum and fe 
are used to obtain uniform temperature 
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used 
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the year with correct time and 

ate of drift, it would have gained 

ximately 2 seconds by the end of 

ar. The short-time variations (10 

es or less) are less than one part 

billion. 

The broadeasting of time by the Na- 
tional Bureau of Standards came 

a bs product of the standard frequency 

broadcast services which were begun 

1922. Intermittent broadcasts during 


as 


icertain hours of the day became con- 
itinuous after January 1941, with sta- 


tion identification at five minute in- 
tervals. The one-second pulses given as 
a modulation to the transmitted signal 
were not announced time signals. How- 


‘ever, these pulses did mark time inter- 
' vals which could be used for the timing 
i of events or for determining 


the rate 
of a clock. 

Owing to the interest of the military 
forces, the one-second of the 
crystal clock were brought into close 
agreement with the Naval Observatory 
time signals. In February, 1944, the 
59th second pulse was omitted to desig- 


pulses 


Fig. 3. Rear view of the NBS Seconds 
Pulse Generator and Time Interval Selector 
used in the time control equipment of the 


nate the end of each minute. Announce 
ments of Eastern Standard Time in 
Continental (International Morse) Code 
have since been added during the an 
nouncement which each 
five minutes. These announcements are 
given during an interruption to the 
standard audio frequencies which start 
exactly on the hour. 


period, occur 


In addition to the continuous accu- 
rate time intervals and announcements, 
the broadcast by radio station WWV 
provides frequencies, 


standard radio 


of the NBS Seconds 
Time Interval Selector 


view 
and 


Fig. 2. Front 
Pulse Generator 





Bureau's radio station WWV. The one- 
second contact is made by a cam on the fly- 
wheel immediately to the right of the elec- 


standard audio (440 
4000 cps.), the standard musical 
(A above middle C), and radio 

gation disturbance warning notices 


frequencies 
p! 
There are many uses { 

frequency and time services other tha 
checking the of ¢ 
other time-pieces, The accurate 
urement of time of 
seismology, geodesy, and navigation, i1 
Phe 


mat 


peacetime 


LOCKS 


operation 


1s importance 1) 
other countries as well as our own 
broadcasts are being utilized by 

organizations such as schools and un 
versities, scientific laboratories, manu 
facturers, and users of 
cations equipment; observatories whic 
are widely separated and make 
matic recordings of astronomical 
nomena and motions of 
companies which continuously 
the frequency of 
widely separated stations; 


adio commu) 


aut 
earth; powe 
cnec} 
power generated 

communic: 


tions companies which regularly t 


ana 


it 


mit photographs by wire or radio; and 


certain radio broadcast companies whic} 


synchronize program feature fron 


various countries. 


tric motor. The succeeding cams are for the 
longer controlling the 
nouncements for the radio station 


time intervals, an 
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Fig. 1. Apparatus developed at the NBS utilizing a diamond indentation 
craft engine cylinder is shown mounted in a special fixture with the gage in position to make a mark on the cylinder surface. 


A New Method of Measuring Wear 
of Machinery Surfaces 


By F. G. BRICKWEDDE, Chief, Heat and Power Division, National Bureau of Standards, Washington, D. C. 


N determining the wear of machin- 
ery surfaces, a major difficulty has 
been the lack of a convenient method 
for accurately measuring the amount 
of material worn off. Among the meth- 
ods that have been widely used are: 
(1) weighing parts before and after 


wear; (2) measuring the dimensions of’ 


parts before and after wear; and (3) 
determining the amount of worn ma- 
terial found in the lubricant after op- 
eration. Even under ideal conditions, 
these methods have serious limitations: 

The weighing method gives a value for 
the total wear but does not indicate where 
the wear occurred. 

Measuring the changes in the dimensions 
of a worn piece has this same limitation to 
a lesser dergee and does not differentiat« 
between actual wear and other changes 
that may occur, such as growth, shrinkage, 
or distortion of the part. 

The method of determining the amount of 
worn material in the lubricant presents a 
number of difficulties and ordinarily is used 
only as a qualitative indication in con- 
junction with other data. 

These limitations—especially the fact 
that the methods often measured other 
conditions along with wear—indicated 
the desirability of a method of measur- 
ing wear that would be: (a) independ- 
ent of the size or mass of the wearing 
piece; (b) specific, i.c., measuring wear 
and nothing else; (c) “local,” i.e., meas- 
uring wear where it occurs and not 
elsewhere; (d) capable of detecting 
wear increments of the order of a few 
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microinches; (e) capable of measuring 
total wear to an accuracy of a few hun- 
dred-thousandths of an inch. 

When a scratched surface is purpose- 
ly abraded in order to smooth it, the 


method of measuring extremely small increments of wear. An a 
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Fig. 2. Viewing and measuring apparatus used in conjunction with the McKee wear gagé 
consists of a microscope and eye-piece scale modified to be used as a periscope for viewing 
the inside of a cylinder, In this set-up the apparatus is being used to view and measure th 
changes in dimension of a mark placed on a piston surface. 








scratches disappear —the  shallowest 
ones most quickly, the medium ones 
later, a few deep ones remaining 

some instances. This effect has bee 
known since the dawn of handicrafts 
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centuries ago. But it only gives a 
itive idea of the amount of ma- 
removed by polishing operations 
,use the depths of the scratches 
vere not known. 

A practical solution of this problem 
has been found in the use of a diamond 
Sndenter originally developed at the 
National Bureau of Standards for 
Syeasuring the surface hardness of 
lasses, crystals and other hard mate- 

ials. More than ten years ago Fred- 
brick Knoop and other NBS research 
workers had devised a hardness-testing 
gnethod based on measuring the length 
Yand hence the depth) of the indenta- 
tion made under a specified standard 
Joad by a tiny diamond point carefully 
shaped to the form of a four-sided 
‘is with rhombus base and obtuse 


ma! 
' gua 
teri: 


.—bec 

































but the length decreases in proportion to 









included angles. Measurements are 
made by microscope for the sake of 
accuray, since the indentation is bare- 
ly visible. 

Investigations conducted at the Na- 
tional Bureau of Standards under S. A. 
McKee recently led to the adaptation 
of the diamond indentation method of 
measuring wear.; As a result a sensi- 

*Frederick Knoop, U. S. Patent 2,091,995 
(Sept. .s 1937): see ilso F’, Knoop, Cc, G. 
Peters and W. B. Emerson, “A Sensitive 
Pyramidal Diamond Tool for Indentation 
Measurements,” Bureau of Standards Jour- 
nal of Research, Vol. 23, 1939, pages 29-61 

+Developed at the National Bureau of 
Standards by S. A. McKee at the suggestion 
of and with collaboration of Dr. H. C. 
Dickinson. The method is covered by U. S 
Patent No. 2,233,403, granted to Dickinson 
and McKee and assigned by them to the 
United States Government. 





Fig. 3. Enlarged diagrama of a typical indentation made with the McKee wear gage by 
pressing into the wearing surface the apex of a four-sided diamond pyramid having a 
rhombus-shaped base. Left: before wear has occurred; right: same mark after material has 
been worn from the surface. It will be noted that the shape of the mark remains the same, 
the thickness of material removed. For the 
diamond used, the ratio of depth of mark to length of long axis is about 1 to 35, that is, 
a mark about 0.001” deep has a long axis of about 0.035”. 
































Fig. 4. Photograph (after engine operation) of two typical marks used for determining 
extremely small increments of cylinder wear by the diamond indentation method developed 
at the NBS. These marks were originally about 0.9 mm. long. The scales shown represent 
an actual length of 1 mm. (0.0394”) but when observed in the viewing apparatus are 21/,” 
long. For the diamond used and chrome-molybdenum steel cylinders the total length of 
the scale represents about 0.0012” in depth, hence one of the small scale divisions is 
equivalent to slightly more than 0.0001” of wear. 






Mckee 


developed tt 


tive measuring instrument, the 
Wear Gage has beer 
measure extremely small 
wear, as little as one hundred-thou 
sanths of an inch under favorable cor 
ditions 
other methods. 


‘ 


increments of 


considerably less than with 


The McKee gage was designed pri 
marily to locate and measure indenta 
tion marks on the cylinder walls and 
pistons of radial aircraft engines, since 
permanent distortion of such parts 
during operation had heretofore nulli 
fied the significance of any previou 
methods of measurement. 

Special apparatus was developed fo. 
making and measuring the marks 
placed on the wearing surfaces by the 
diamond indenter of the wear gag 
With a cylinder or piston mounted in a 
fixture, marks ar 
applied at any desired position on the 
surface by means of the diamond point, 
which is forced by mechanical pressure 
to a predetermined depth into the su 
face piece. The viewing and measuring 


specially-designed 


apparatus consists of a conventional 
microscope and eye-piece, modified by 
the addition of two right-angle prisms 
so that it may be used as a periscope 
for viewing the inside of the cylinders 

The impression of a mark in the sur 
face of the metal raises a burr around 
the mark. The shape of the diamond in 
denter is such, however, that the majo1 
portion of the burr is formed on the 
sides of the mark. Though no burr is 
visible to the eye at the ends of the 
mark, the presence of a very slight ele 
vation of the surface may account for 
the minor deviations from a straight 
line shown by calibration curves. In the 
course of the investigation it was found 
that most of the burr could be easil; 
removed by rubbing lightly with fine 
polishing paper. For use with the cylin 
ders a sheet-metal guard, similar to the 
usual erasing shield but of larger di 
mensions, was found convenient. The 


holes in this guard are so arranged that 
the polishing paper can be rubbed ove 
a small area at each mark on the cyli: 
der wall with one finger. 

As the marks are placed with thei 
long axes perpendicular to the axis of 
the cylinder, the relation between the 
change in depth of mark to change i: 
length of long axis is affected by the 
curvature of the cylinder. While this 
effect is relatively small for the pat 
ticular cylinders used, suitable correc 
tions for curvature provide 
accuracy in determining wear. 

A study was also made of the possi 
bility of error due to the axis of the 
diamond indenter not being at right 
angles to the surface when the indenta 
tion is made. Computations indicated 
that if the diamond-shaped mark was 
symmetrical to within a ratio of not 


greate! 


less than 41 to 50 along its major axis, 


the error would be no greater than ons 
percent (approximately 0.00001"). It 
was found that the apparatus could be 
adjusted to produce a symmetrical] mark 
and that other marks, either in the 





1947—I nstruments 


July 





Page 621 





























































































Fig. 5. The McKee Wear Gage as designed for use 
with automobile engines in which the cylinders are 
cast into a single engine block. The three components 


of the 


tion locator, and 3 


instrument are: 1. Indenting tool, 2. Indenta- 


Microscope 











same cylinder or in other cylinders of 
the same nominal size, could be made 
well within the limits of symmetry 
without further adjustment. According- 
y, corrections for lack of symmetry 
were not necessary. 

One of the important considerations 
in the Bureau’s investigation was un- 
certainty as to whether the marks 
would return to their shape during op- 
eration of the engine. Results of a num- 
ber of engine tests have shown that 
marks in the cylinders of radial air- 
craft engines retain their shape suffi- 
ciently to provide reasonably accurate 
wear measurements. Experience has in- 
dicated that results are not as satisfac- 
tory after the marks have been worn 
to about one-fourth of their original 
ength or less. Hence greater accuracy 
may be obtained by carefully regulat- 
ing the size of the mark and adjusting 
the duration of the test. 

The precision of the wear measure- 
ments depends upon the condition of the 
indentation. With new marks the points 
are sharp and the lengths can be ac- 
curately determined. However, after the 
engine has been operated, the marks 
are somewhat blunted and it is neces- 
sary to estimate the position of the 
point (Figs. 3 and 4). Under normal 
conditions the cylinder wear can be de- 
termined with an overall accuracy of 

0.000,04". For more favorable condi- 
tions the degree of accuracy can be 
increased to +0.000,02". Operating ex- 
perience with marks in the pistons in- 


dicates that, with the softer aluminum © 


alloy, the marks have a much greater 
tendency to distort and the results are 
not entirely satisfactory. Another diffi- 
culty with this material is its tendency 
to become impregnated with carbon 
making it difficult to distinguish the 
marks. 

Most of the engine tests for deter- 
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mining the performance of the marks 
in service made with aircraft 
having chrome-molybdenum 
cylinder barrels 5%;,¢” in dia- 
meter. In these tests, twenty-four 
marks were made in each cylinder, six 
apart at each of four levels 
approximately 2”, 4”, 6” and 8” from 
the open skirt end of the cylinder. The 
upper row of marks was in contact with 
the top ring only while the lower was 
contacted by the oil ring. Typical cylin- 
der wear patterns obtained in these 
tests reveal unsymmetrical wear with 
respect to the axis of the cylinder that 
would be impossible to determine with 
usual measurements of diameter. 

Employing the basic principles of the 
original McKee gage, an instrument 
was designed by the American Instru- 
ment Company for use with automobile 
engines in which the cylinders are cast 
into a single engine block. This instru- 
ment, used in an extensive series of 
tests by C. S. Bruce, J. T. Duck and A. 
R. Pierce of the Bureau’s Automotive 
Section, permitted accurate studies of 
the effects of wear in stock passenger- 
car engines operated under controlled 
conditions. The test engines were oper- 
ated for 144 hours (approximately 3000 
miles of normal operation) between 
wear measurements, the operating cycle 
consisting of 20 minutes of actual op- 
eration with a 10-minute stop for cool- 
ing. During the stop period a special 
cooling system reduced the temperature 
so that the engine was started from a 
cold condition at the beginning of each 
half-hour period. 

Results of these tests, in which the 
average cylinder wear was about 
0.000,02” per 1000 miles of operation, 
verify a previously-accepted theory that 
operating conditions have a decided ef- 
fect on cylinder wear, there being in 
general a greater amount of wear when 
starting the engine at low temperature 


were 
engines 


steel 


spaced 60 





than at high temperature (50 
lata provided by such sensit 
minations of wear also indi 
possibility that corrosion is r 
for a major part of the wea: 
in norma! operation of an eng 
believed that moisture cond 
cold cylinder walls serves as a 
the formation of corrosive a 
the gases in the products of 
tion, It appears that engine 
be substantially increased by 
ture of design that accelerate 
gine warm-up or prevents the t 
ture of the cylinder walls fron 
below the dew-point of the 
gases. Additional data on « 
qualities of fuels would be des 

The indentations used in ths 
at the Bureau were made by ji ess 
ing into the test surface the ap f 
four-sided pyramid. From the 
point of accuracy the chief li: 
is that the sharp points of the 
are blunted somewhat when wi 
curs. Possible use of cutting or grind 
ing methods for producing marks wit! 


out burrs and without sharp-point 
ends presents a promising fic f 
further investigation. If this « 


accomplished, the accuracy of determ 
ing wear would be greatly increased 

The new method provides the pa 
ticular advantage of an indicatio: 
wear only, while the usual measur 
ments of changes in diameters of th 
pistons and cylinders do not different 
ate between wear and distortion that 
may occur during a test. It also 
cates wear at a particular point on th 
surface, whereas measurements of d 
ameter involve changes at two points 
and practical means are not generall; 
available for determining the amount 
of wear at each point. Also, the method 
does not require the careful technique 
necessary to measure diameters wit! 
corresponding accuracy. 

As temperature variations d 
materially affect the accuracy with the 
indentation method, it is not necessary 
to bring the cylinder to a definite tem 
perature before making the measure- 
ments. The apparatus is provided wit! 
locating pins and is so arranged that 
a mark made at given pin settings will 
fall within the field of vision of the 
periscope at the same settings. This 
eliminates loss of time in searching for 
the marks which are too small to b 
readily discernible to the eye. 

In addition to its use as a practical 
method of measurement of wear in all- 
craft and automotive engine cylinders 
the indentation method appears ap- 
plicable to other machine elements, 
gages, dies, and wearing surfaces 
where the material is of such a natur 
that the indented marks will retail! 
their shape in service. For exam) e, 4 
mark placed on the wearing surface ‘ 
certain production dies would readil) 
indicate when it had been worn beyoné 
specified tolerances. 

Extensive tests at the Bureau ‘a\' 
provided conclusive evidence tha 
indentation method of determ! g 
wear overcomes the shortcomin;s 
other methods. 
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In this department we report each month new devices for measurement, inspection, 
testing, metering and automatic control—in the form of concise technical descriptions. 
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Process Program Controller 


New “Model C500 Impulse-Sequence 
Cycle Controller” is a multiple-cam con- 
troller which actuates or engages, at 
correct time in each cycle, mechanical, 
electrical, or pneumatic devices for 
automatically carrying out intended 
schedule. Time measurement and pilot 
valve operation are handled by sepa- 
rate mechanisms, giving flexibility of 
application. Timing is accomplished by 


BELLE BBE 
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° 4/253 °3 
_d 


hr Shlenal-oe sdhontobdl o- 





a Telechron-driven aluminum disk with 
a 25” time scale on which desired sched- 
ule is cut by cutting notches with a 
notching punch. It is said that disks 
for new cycles or schedules can be 
easily made. Time impulses are trans- 


mitted electrically. Cams are individ- 


ually adjustable and their setting is 
said not to require fine adjustment in 
rder to get accurate results The 
Bristol Co., Waterbury 91, Con 

701 


Motion-transmitting System 


New “Type HC 08 Miniature Hy- 
draulic Remote Control” is said to es- 
tablish a new record in light-weight 

has a torque capacity of 50 


class It 
b.-in stroke and is rated 


pressure 
more powerful thar 





maker’s earlier and slightly heavier 
model. Transmitter, receiver and single- 
line tubing form a self-contained hy- 
draulic system. Only two small bolts 
are required to mount each unit in 
place, at distances up to 35 feet. New 
system provides “feel” control of a dis- 


tant mechanism since any motion of 
transmitter arm is duplicated by re- 
ceiver arm. Either arm will move 


through an arc of 60° and receiver arm 
may be drilled at any location to obtain 
desired linear travel of actuated rod. 
—Sperry Products Inc., 15th St. & Wil- 
low A Hoboken, N. J. 
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New “Model (25- 
lb.) high-sensitivity leak locator is de- 
signed to locate quickly and simply tiny 
leaks “formerly impossible to locate 
except with elaborate leak-detection 
equipment.” It is a hydrogen-sensitive 
ionization-type instrument, simple 
enough to be operated by non-technical 
personnel. Heart of new leak locator is 
new “Type 1945” sealed-off high-vac- 


r=) 


722-SS” portable 





uum gage tube, which responds only to 
hydrogen. Instrument itself is complete 
with a high-stability d-c. amplifier, 


microammeter, self-contained powe:1 
supply, and all-metal exhaust systen 


and cold trap, contained in a 10%” x 
10%)” X 14” wide cabinet. In operation 
electron tube (for example) under test 
lugged into vacuum port on 
detector before tubulation is “tipped 
off.” Vacuum is created in system. 
hood is lowered over tube and fille 
hydrogen. If tube is leaky, hydro- 
‘trates leak and increases grid 
ype 1945” tube. Amplified 
current deflects microammeter on lo- 
cator. Exact location of leak may then 
be determined by playing a small jet of 
yver suspected areas. Large 
enclosures, which cannot be 
vacuum port on the instru- 
connected to vacuum- 


. “ 
is | i@ak 





hydrogen 
vacuum 

ugved int 
cal be 
ynection hose and leaks can 


> > 

then be located by moving small jet of 
jetecting gas over suspected areas. 
Optional equipment portable table- 





height stand, motor-driven rot: 
uum pump, and voltage-reg 
transformer.—Tube Dep't, 
of America, Camden, N. J. 

Please mention number 793, when f 


A-c. Voltage Regulato 


New “Model 150” general-; 
portable a-c. voltage regulator f: 
electronic control circuits, is dé 
for component applications wit 


vad 














trical equipment utilizing light s 
has an input voltage range of 95 to 12 h] 


volts with an output of 115 volts. Regu m 
lation accuracy 0.5%; maximun 7 
monic distortion 5%; load rang: 

to 100%; frequency range 50 oe 
cycles; power factor range 70‘ A | 
ging to 90% leading; maximum - 
ery time six cycles. Among applications » 
for new model are laboratory, | 1] 
tion and quality control test equipment 1 
photometric apparatus, etc. Dimens ° 
of gray enamel case 9” X 712 a 


—Sorensen & Co., Inc., 75 Fairfi ‘ 
Avenue, Stamford, Conn. 

Please mention number 04 When filling 

Artificial Ear Coupler 

New “Model M-112 Artificia 
Coupler” is a two-piece stainless 
structure which provides eithe 
or a 6-cc. closed chamber for use 





taining response characteristics of o 
phones: smaller volume for calib: C 
of insert type earphones; larger « mu 

St 


for earphones generally worn wit! 
bands. Artificial ear is provided ° 
specially-shaped side opening f 
serting microphone end of 3 
sound Pressure Measurement |! 


mound 

























(Or “Model M-101” standard 
nhone may be inserted as the pres- 
esponsive element.) Both cavities 
heen designed for minimum linear 
sions of opening, to avoid low- 
equency standing-wave errors. Ex- 
l.remely high acoustic impedance of the 
| y-101 microphone requires no “soft dia- 
shragm” correction for the chamber 
volume to frequencies beyond 20,000 
ycies —Massa Laboratorie 8 Inc., 2R68 
Carnegie Ave., Cleveland 15, Ohio. 

Please mention number 7(9)5 when filling ou ar 











Combustion Controllers 
New “Model 111 Photoelectric Com- 
hyustion Controls” were designed for use 
in “over-fire-air” systems of steam boil- 
} ors and are used to control operation of 








blowers and other air-handling equip- 
ment which are started automatically 
when appearance of smoke indicates an 
inadequate air supply. They feature a 
self-adjusting time-delay of relay con- 
tacts so that length of time during 
vhich blowers operate is automatically 
set to furnish proper amount of air. 
Illustration shows “‘Model 111-F” con- 
trol box for flush mounting. (Not shown 
are light-source unit and phototube- 
and-preamplifier unit.) Except for re- 
lay armature there are no moving parts 
n entire system. — Furst Electronics, 
800 W. North Ave., Chicago 22, Ill. 


Please mention number 706 When filling ou ar 





FM-AM Tuner 


New “Model RJ-14 FM-AM Tuner” 
in rack panel style for commercial or 
' other application uses entirely separate 
cireuits for FM and AM, thus elimi- 
| nating dual purpose components. AM 
' section is of superheterodyne type em- 
| ploying an r-f. stage and having “ex- 
» cellent sensitivity and selectivity.” FM 

















section Armstrong circuit with 
dual limiters and covers 88 to 108 Mc. 
band. RF stage, mixer, and oscillator 
are of miniature type for best efficiency. 
A bandswitch on panel selects FM, AM, 
or phonograph input all of which are 
fed through a gain control also on front 
panel. Dimensions: 19” K 8%” * 9"; 
weight: 28 lbs. Browning Labora- 


uses 


tories, Inc., 742 Main St.. Winchester, 
Mass. 
Please mention 507 


Keying Relay 

New “Model RX-1074-1” keying relay 
is designed for minimal space (2%8” x 
158” & 138” high) and for maximal re- 
sistance to shock and vibration (less 
than 2% change in marginal operating 
current under 2000G linear accelera- 
tion; no false contacting under 10G 
harmonic vibration). Contacts handle 
5 amps. at 115 volts a.c. Relay will re- 
spond to 20 pulses per second on 5-ma. 
coil current when connected to 90 volts 
d.c. through a series resistor (0.125 
watts in coil). At higher coil voltages 
it can follow 40 to 50 pulses per second. 
Relays can be supplied in hermetically- 
sealed cases. — Signal Engineering & 
Mfg. Co., 152-8 W. 14th St., New York 
SS. 0s 2 


Please mention number 


708 ‘ nf ng it ar 

Plastic Instrument Covers 
New flexible transparent plastic cov- 
ers for instruments and laboratory 


equipment afford protection against 
dust, dirt, spilled liquids ete.; permit 





observing instrument. Covers are made 
of a semi-transparent flexible non-hard- 
ening plastic; all seams machine sewn 
with a heavy-grade black basting (other 
colors available). Loops for removing 
covers as well as overlaping flaps are 
optional, Standard covers for pH me- 
ters, balances and scales are in stock; 
special covers in single lots or quantity 
can be supplied promptly.—Baker In- 
strument Co.,17 South Day St., Orange, 
N. J. 


Please mention 1 n filling ar 


709 * 
Attenuators with “Oilite’ 
Bearings 


New standard units in maker’s line 
of attenuators have two permanently- 
lubricated ‘“Oilite’’ bearings, one at 
switch end and the other at shaft or 
detent end, yet are being offered at no 
additional cost.—The Daven Co., 191 
Central Avenue. Newark, N. J. 


Please mention rt 710 wh ng 


, 


Process Program Controller 


New “PB2 Time Cycle Controlle. 
starts, times, stops and correlates mu 
tiple operations in any process or ma 
chine cycle which can be actuated by 
air pressure or electricity. Application 
include plastic and rubber molding 
equipment, chemical and food indus 


tries, etc., especially in operations where 
frequent changes are 
it provides unlimited flexibility of 
scheduling which can be varied at wi 
without use of tools and without chang 
ing parts. Air control is integral (doe 
not require intermediary of solenoid 
valves). Pilot valve action is as rapid 
In longest schedules as in 


aesired, becaust 


shortest 


Time selector wheel carries 150 keys, 
selectable to provide timing, to wit} 
0.67% of over-all time range, for eac 





successive event scheduled in operat 


selector. Standard cycles availabl 
750 minutes. Operation selector cgn 
shaft with ten working positions ops 
ates pilot valves or precisio1 Vitene 
in any desired sequence. Time and s« 
quence sections are driven by gear-head 
motors of ample power. Resetting 
automatic at completior f program, 
requiring one second per unused opera 
tion.—Seely Instrument Co., Ine. 
Fourth St.. Niagara Fall N.Y. 

711 


Thermal-conductivity Ceil for 
Gas Analysis 


New “Thermal Conductivity Unit 
can be used with standard instrument 
and accessories, as found in any labo 


tory. It incorporates four filaments as 
sembled in appropriate chambers a1 
wired in a balanced bridge arrangs 

















Nee WAY 


BINDING POST 


Offering complete insulation . . . 
current capacity of 30 amperes 

working voltage of 1000 
volts; the new Superior Binding 
Post type DF30 meets the need 
for a multi-purpose electrical 
connector. 


— Five Connections 


- Permanent clamping of wire up to +12 
through the center hole. 


2. Looping of wire around the center shaft 
and clamping. 


3. Plug-in of standard %” banana plug. 


4. Clip-lead by removing the hexagonal 
sheped phenolic heod 


5. Spode ivg connection 


LITERATURE ON REQUEST 


NEW 
Engineering 
DATA 


SESCRIPTIVE 







Just released Bulletin 547 complete 
with ratings, detail drawings, performance 
ond engineering dota on POWERSTAT 
voriable transformers ond STABILINE Vollt- 
ege Reguictors. Get your copy. 





The SUPERIOR ELECTRIC Co. 
1007 LAUREL STREET 
BRISTOL, CONN. 
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ment. With a suitable source of con- 
stant voltage, degree of unbalance of 
bridge circuit provides an accurate 


measure of relative thermal conductiv- 
ity of an unknown gas, or quantitative 
variation in a known gas. New cell may 
be used with indicating, recording or 
controlling instruments. It measures 
14% X 3%” XK 2%”. It is relatively 
unaffected by vibration or ambient and 
current change. Each cell is tested at 


10 lbs./in.? before shipment.—Gow-Mac 
aes ume nt Co., 22 Lawrence New- 
ark N. 3. 


r se mention 1 ber 742 when filling out ca 


Air-compressor Safety Valve 


New safety valve for air compressors 


utilizes a Nylon disk, “the only mate- 
rial found which possesses all the es- 
sential characteristics of wear resist- 
ance, hardness and flexibility will 


not flow or creep under spring compres- 
sion nor stick or weld itself to the seat 
. has a recovery characteristic which 
quickly seals off the slightest air leak- 
age after the valve pops.” New valve 
meets all A.S.M.E. requirements for air 
compressor service. — Manning, Mar- 
well & Moore, Inc., Bridgeport, Conn. 


Piease mention nut wer 743 when filling out ca 


Continuously-connected-hand- 

wheel Diaphragm-motor Valve 

New “Continuously Connected Hand- 
wheel Valve” obviates need of conven- 
tional by-pass, as it is powerful enough 
to operate control valve manually, re- 





gardiless of maximum instrument air 
pressure on diaphragm or in opposition 
to spring. It is, therefore. possible to 
position valve plug by hand under any 
conditions, by turning handwheel to re- 
quired position. Control valve character- 
istics are, of course, the same whether 
on automatic or hand control. Travel 
limit stops can be set to limit valve 
stroke from 0 to 100%. For example, 
to permit a 25% valve travel, located 
at any point from fully closed to fully 
open. Should any air failure occur, 
control valve plug could only change 
its position +12%%; operator could 
immediately position valve plug to prop- 
er position by turning handwheel. This 
can be done even if valve spring in dia- 





phragm control valve has a 
Handwheel can be used to s 
tightly or block valve wide 0} 
plug position indicator show 
of travel stops, percent free 
valve plug and in what portior 
stroke free travel can « 
whether handwheel is in a neu 
tion. Handwheel may be appli 
of maker’s valves, 2” to 12 

Dahil Co., 243 Richmond St., P1 





3, Rw. 
Please mention number 7 44 when t Fite 
anatase Py 
Goltania Valve g 
New “SV-3” 3-way 3-port 


operated air valve for control 
gle-action air cylinders can be ; 
close to air cylinders in any 





and can easily be serviced without 
turbing piping. Normally open or « 
it is reversible in servicing and asse! 
bly. There are no metal contacts (| 
ring type seals). “SV- 3” is availa 





in 4”, 3%”, %” and %” sizes; pressures 
from 5 to 150 And in.2. Operat he 
power valves are 1.42 amp. at %. 
and 0.22 amp. sealed, for 110 volt | (a 


cycles.—A utomatic Valve, Inc., 
Grand River, Farmington, Mich. 
Please mention numt 715 when all HZ 


Dry-material Continuous Weighe: 


New “Conveyoflo Meter” for conti 
ous weighing of dry materials on c 
veyor belts utilizes diaphragms instea 
of usual knife-edge-beam principle, 





said to be much simpler unit 
occupy less space than usual co 
scale. Scales may be used to prop 
and control, as well as weigh, the f« 


of one or more dry materials, a 
control flow of liquids in proport 
flow of dry materials. Weighing + 
tion of “Conveyoflo Meter” is supp: rt 
at one end by self-aligning ball-be: ‘ing 











nillo blocks, other end “floats” on a . 
‘diaphragm which transmits load 
Echanges hydraulically to the weighing p la | [ 
mechanism. Cyclometer type totalizer 
Sreads directly in any unit desired, is 
Bon-cyclical in operation (employing 
B disk- nd-wheel integrating principle) 
Sand is automatically corrected for any 
Delt speed variations. Integration is 
A P automatically compensated for varia- 
P B tions in belt weight and for adherence 
of material to the belt, through a sys- 
tem of return belt weighing. —Builders- 
Providence, Ince., 9 Codding St., Provi- 
idence I, 
Please mention number 716 when filling it ca 

















































Motorized Valve 













' New motorized valve provides auto- 
) matic two-position (on-off) operation of 
‘valves for steam, air, gas, oil or water. 
4 induction type motor drives through 
iworm-and-gear reduction. Limit 
switches are adjustable. Cast iron 
housing is dust-tight and splash-proof; 
all parts are easily accessible. Actuated 
iby 3-wire thermostat, pressure switch 
or other similar instrument; operates 
‘from either 24-, 110- or 22()- volt a.c. 
1 Valves supplied: Globe bronze, single 
For double-seated in sizes *2” to 212” 


 screw-end connections; Butterfly valves, 

iron body, bronze trim in sizes 1” to 4” TC ansslideted Tyee 
‘either screwed or flanged ends. Deliv- / B, 5-115 Recording 
ery four weeks.—Automatic Tempera- e Oscillograph 
tture Control Co., Inc., 34 East Logan 


St., Philadelphia 44, Pa. 


Please mention number 717 when filling out card 





thout d 
or close 


LIGHTER, SMALLER, 36-TRACE 
1d asser 


acts (Area Type Fluid Meter Recording Oscillograph 


New Area Meter is said to accu- 





Meretion ra _ mange he age od black 
, oe : — os agar ne The many features that you asked for in Re- 4 Features 
. o cording Oscillographs are now found in the © Lighter, mere compact then 
“| new Consolidated Types 5-115 and 5-114. : 

Consolidated Type 5-115 Recording Oscillo- fe a see maa 

graph will record up to 36 traces and is ap- operation 
V eigher proximately 25% lighter and 25% smaller © Interangethle gsivenes 
: than previous models. Five times as many S— 

oe “ae records can be taken on the same length re- WARNE Mead contacter: 
D ieetend cording paper or film through the use of to galvanometers 
ciple, reduced-amplitude recording. A single switch © complete poper-speed rong: 


controls operation. The paper magazine is 

° . ® Automatic operation for any 
readily detachable and spares can be in- Sone panties yagi mag 
stalled in full daylight. inches 


® Footage indicator for unused 


Type 5-114 Recording Oscillograph will 
record up to 18 traces and is similar in ap- 
- ® Automatic numbering at the 
pearance and operation to the 36-trace end of each record or ot fixed 
ae length 
model. The accuracy and sensitivity of the —— 
<Spring-loaded new smaller Type 7-200 series galvanomeiers P Smantatentty canteatied 
eaters to assure constant 
Weight-loaded—> correspond to the same standards that Con- damping for low-tempera 
. . ture e tion 
solidated has held to in the past. Complete Assess 
. ® Panel lights for indicating 
data on these new instruments can be ob- capita Guantilny ak diteine 
— tained by writing to } — at alll times 


film or paper 























Transmitters 





and 

onvey It consists of a telemetering transmitter 
port installed in pipe line, much like a 
he feed valve; and maker’s standard receiving 
and t instrument (indicating, recording, inte- 
tion t grating, controlling or combination). 





ng a New Area Meter is said to have several Deascguers and WManufacturerd of Analytical Weasurement Equipment 


advantages over other types of flow 
meters: its installation is simplified as 620 NORTH LAKE AVENUE % PASADENA 4, CALIFORNIA 
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High precision OPTICAL PARTS 
for Research, Development 
or Production. 
os 
PARABOLIC or SPHERICAL 
Mirrors. 

* 

LENSES, PRISMS or related 
components for your 
visual, photographic 
or electronic 
requirements. 

e 
Natural or Synthetic 
CRYSTAL OPTICS. 

* 

Complete optical 
INSTRUMENTS. 
oe 
Vacuum Coating of 
Optical Parts. 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 

















HARDNESS 
TESTING... 


done WITH NO METAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 40 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


lllustrated 
bulletins 
free 





The Shore Instrument 
& Mig. Co., Inc. 


9025 Var Wyck Awe. Jemeice 2, N.Y. 











recorder is constructed of packaged 
components not affected by vibration; 
recorder may be calibrated to read in 
terms of volumetric units thereby re- 
ducing errors due to density changes; 
two transmitters may be connected to 
the same recorder to measure ratio, sum 
or difference of two flows. Transmitter 
has a port area varied by a plug re- 
strained with a calibrating weight or 
spring. Plug assumes a position propor- 
tional to rate of flow, its movement 
causing a voltage ratio variation in 
telemeter circuit. Receiver employs an 
impedance bridge measuring circuit 
which is extremely sensitive to any un- 
balance in voltage ratio and therefore 
reacts to slightest movement of plug. 
Transmitters are available in 1” and 2” 
pipe sizes, various ranges and various 
maximum pressures, cast iron and cast 
steel bodies, 200°F. maximum fluid tem- 
perature.—Bailey Meter Co., 1050 Ivan- 
hoe Rd., Cleveland 10, Ohio. 
Please mention number 718 When filling out card 


New “Set H-20” pH 
test kit contains nine- 
teen “Hydrion” pH test 
papers in eighteen plas- 
tic dispensers, all in one 
convenient case. It cov- 
ers the full range from 
pH 0.0 to pH 14.0, and 
distinct color changes 
can be obtained within 
0.25 pH unit of almost 
any point of interest on 
pH scale. Eleven of 
these papers are now 
released for the 
first time.—R_ P. 
Cargille, 118 Lib- 
é rty sé... N € u 
» York 6, N. Y. 


















n number 779 ¥! nt ng it ca 


Square Gage Blocks 
New square gage blocks supplement 


rectangular “Lifetime-Carbide” gage 
blocks. This is said to be the first time 





that a full range of sizes, in square 
style gage blocks, have ever been of- 
fered in carbide. New square style 
blocks are available in both Grade 
“A” ¢=0.000004") and Grade “B” 
{ = 0.000008") and in full range of sets 
and sizes heretofore available only in 
rectangular style.— Fenda Gage Co., 
Stamford, Cons 


Picae ms 


t 720 whe Miling 





Industrial Stop Wat: ex 


New “Coil-Spring Mechar 
watches are recommended 
trial, scientific and research u 
breakable, rust- and corr 





coil-springs” are said to elimina 
tion and wear and to assure ¢ 
accuracy and longevity. “Inde 
Hammer Spring” is said to assu 


time fly-back to zero, and “Brake Ss); 


tem” to eliminate any variation at z 
when starting and stopping. It 
“non-breakable coil-spring” systen 
construction will prevent ar 
breakdowns and reduce 
costs.—_M. Ducommun Co., 580 Fit! 
Ave., New York 19, N. Y. 


Please mention number 721 when filling 





Hand Tachometer 
New hand tachometer makes poss 
quick checking of speeds, both c 
wise and counter clockwise, conta 





many features of maker’s regula 
ometer but its small size permits 
tor to hold it in his palm. Tachome 
is finished with chrome plating, « 
with two interchangeable rubbe: 
one for recessed shafts, the other f 
flat surfaces—AC Spark Plug D 
General Motors, Flint 2, Mich. 

Pr ise Mention number 73> when f nég 


Moisture Meter 


New “Direct-reading Electronic M 
ture Meter,” capable of measuring t! 
percentage of moisture in almos 
substance, requires 





mainte! ar 





no calibratio: 















































at S curves or charts, compensates automati- 
. cally for temperature of substance be- 
‘ ing easured, reports percentage mois- 
ture in fifteen seconds. It is said that 
’ . moisture percentages up to 85-90% can 
he measured with accuracy comparable 
with that of oven-balance methods.— 
™ Cc. J. Patterson Co., 3947 Broadway, 
Kansas City, Mo. 
m Please mention number 773 when filling out car 
€\ ———_—__— 
* . 
, Pedestal Mount for Tachometers 
+ 
$f: j New “Type 66” pedestal mounts can 
<1 j he used with all maker’s “Type 52” 
re heads where rotating speed (for full- 
Zz scale reading) is between 100 and 


10,000 rpm. Their 
low cost and flexi- 
bility are said to 


SS 








obviate, in many 
inate { cases, need to 
: continy build costly 
idependen: mounting brack- M a 
issure lif : ets. Head is en of science are con- 
rake Sys. i mounted on up- stantly probing . . . ever seeking . . . always 
ion at ze right column : 
It is i which is adjust- wondering » « « never satisfied. 
system of Ma able in base to Every fresh discovery reveals 
annovi obtain alignment. ’ a : 
tenn, ch sae Gk ro. anew the vastness of that “Great Undiscovered 
580 Fift tated about verti- Ocean of Truth,” and presents countless new 
“al axis and ad- IRE 7 
= © problems in MEASUREMENT. 
-  justed up and 
~ down. Electrical To keep abreast with the ever- 
indicator connec- changing needs of modern research, Hathaway 
r tions are made 
through %%” conduit fittings. Heights engineers are constantly working on new meas- 
S Poss t 2 
th up to 4 feet from base to shaft center; uring instruments, constantly improving older 
la minimum height 314”. Base can be a edi ; 
ce ones. Whatever may be YOUR new problem 


mounted on a floor, ceiling, wall, ma- 
chine member or any other convenient in MEASUREMENT OR CONTROL, Hath- 
surface—Metron Instrument Co., 432 
Lincoln St., Denver 9, Colo. 


Please mention number 724 when filling out card 
P4 


away experience can help you. 


Altimeter-setting Indicator 


New “Altimeter Setting Indicator” 
for use at airport control towers, air- 
way control stations and weather sta- 





























lar ¢ 

“a oe tions, has been developed to increase 

ehomet safety in instrument landings. It gives 

~~ direct, continuous and extremely accu- 

b, rate readings of prevailing sea-level 

ia § pressure; has a wide (3400-ft.) range 

i 2 of station elevation settings. Announce- Hathaway Type S8-8 
ment states that “airports have until 12-Element Recording 

Oscillograph 
nic Mois oe lab 
ine ti or general-purpose laboratory and field use 


© Advanced in design, exacting in craftsmanship 






© Complete with every device for accuracy and 
convenience 
ONE OF A COMPLETE LINE OF RECORDING 
OSCILLOGRAPHS, GALVANOMETERS, AND HIGH- 
%, SPEED RECORDERS 


Write for Technical Bulletin SP-165 B 















INSTRUMENT COMPANY 


1315 SO. CLARKSON STREET « DENVER 10, COLORADO 















July 





1947—I nstruments 











BURGESS 


simplifies your 
problem of 


NEW DRY 
BATTERY 
DESIGN 








FOR SPECIAL APPLICATIONS 

... Burgess makes it easy to de 
velop just the battery you need for 
new instruments or electronic 
equipment. 


USE THIS HANDY CHECK SHEET 

. you can easily fill in the com- 
plete details required for your spe- 
cial battery... enables Burgess 
engineers quickly to provide you 
with correct and complete data on 
just the battery you need. 
Send for this free check sheet to 
put at your disposal the complete 
Burgess engineering facility. 





HUNDREDS of special batteries 
have been developed by Burgess 
engineers for new applications... 
the battery you need may be 
among them. Consult Burgess 
today! 


SEND THIS COUPON! 


BURGESS BATTERY COMPANY 
Freeport, Illinois Dept. |-77 


Send me the free check sheet to aid in 
new battery development. 
Nome 

Compony eidiesiimieltttied 
Address ; 
SE See ee 
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now depended on mercurial barometers contact of tester’s abradi: 
or sensitive altimeters, mounted in the against surface of specime: 
control tower, In the first case every nozzle assembly is mounted 
reading had to be computed and in the hand arm support of instru 
second, resetting was required for each adjusted to correct height 
reading. . . . Altimeter Setting Indi- ness of specimen. Attachment 
cator eliminates the human factor of on 115-v. 50/60 evcle supply, 
both computation and adjustment by able to 230-v. 50/60 cycle wit! 
continuously and automatically indi- tyansformer—Taber Instrum: 
cating the exact setting number.” Dial 777-7 Goundry St., North T: 
is standard 6” control tower panel size, yy y ; a 
calibrated in hundredths of inches for ~~ ,,’ 
28” to 31” of mercury. Movement of 
aneroid diaphragm is translated to 


Please mention number 797 when f 


pointer through a high-precision gear Toolmaker’s Spotli r} 
train; hysteresis and friction are mini- : & 
mized by frictionless spring suspension New “Opti-Spot” is a smal] 


in place of pivots and jewel bearings. tained toolmaker’s spotlight o 
—Kollsman Instrument Div., Square Don 110-volt a.c., voltage being 
Co., 80-08 45th Ave., Elmhurst, N. Y. 

Please mention number 725 when filling out card 


Flush-mounting Tachometer 
Indicator 


New tachometer indicator for flush 
mounting on switchboards is supplied 
in any one of 50 standard scales cover- 
ing speeds from 1 rpm. to 100,000 rpm.; 


by a transformer. Light cell cont 
focusing condenser lens by whi 

of spot can be varied. Lamp is ordina 
6-volt automotive type, allowing 
easy replacement. Heat is negligibl 


16” flexible tubing connection betwe 
lamp and base which maintains adjust 
ment of lamp position. “Model B” ha 
an 18” rubber-covered cord betwe 
lamp and base. Both are equipped wit 
ON-OFF switch mounted in transform: 
housing.—Benton Co., 351 S. LaBre 
- Ave., Los Angeles 36, Calif. 


Please mention number 728 when filling 
v4 





multiple-range features can be incorpo- 
rated. It can be used with any of 


maker’s tachometer heads; or equipped a : . 
with a rotary selector switch to monitor Air Charging Controller for 


several speeds from a centralized loca- Water Tanks 


New “Type B Automatic Air Charg 
ing Control” is designed to maintain a 
constant volumetric relationship be 
tween air and water in storage tank 


tion. Panel dimensions 7%” X* 9%” 
with 45s” projection behind front sur- 
face of the panel, Connections are made 
to terminals on rear.—Metron Instru- 
ment Co., 432 Lincoln St., Denver 9, 
Colo. 


Please mention number 726 when filling out card 





Vacuum Pick-up for Abrasion 
Tester 
New “Model 100-108” Vacuum Pick- 
up Attachment for maker’s “Abraser” 
rapidly removes abraded particles from 
specimen, provides uniformly effective 





of domestic water systems without be 


tank only when required, is shut 
automatically when tank contains suffi 
cient air under pressure to operate the 
water system properly.—U. S. Gaug 
Div., Am. Machine & Metals, 
Beaver St., New York City. 


Please mention number 729 when filling out 





Gas Flame Failure Safegua d 


Type 45JQ1” is readily applicab» ¢t 


with “Programming Control Typ 








that work distortion from this cause js 
eliminated. Two models: ‘‘Model A” has 


ing affected by the length or frequenc) 
of the pump cycle. Air is admitted tc 





New “Fireye Electronic Flame [oc 


all types of gas-fired burners. It is ise? 


i 



















24PJ8” for full automatic burners; with 
)“Control Type 24QJ5” when only op- 
) erating protection is required. Various 
‘combinations of auxiliary exhaust fan 
‘timers and relays are also available. 
| Specifications: Supply: 115/230 volts, 
'50/60 eyeles; Output: controls gas 
‘valve, burner motor and ignition sys- 
tem; Ambient temperature: 30-125°F. 
—Combustion Control Corp., 77 Broad- 
way, Cambridge 42, Mass. 


Please mention number 7 3G When filling it card 





Washability Tester 
New “Straight Line Model 105 Wash- 
ability Machine” is announced as “far 


ontains 
hic! 





ordina 





Mine superior to Model 104 which — 

ligible « been in general use in testing labora- 

5 CAUSE Is 

el A”’ has 

betwee 

S adjust ™ , 

1 B” ha f 

betwee; ; 

ped wit f =. a 

nator: EM onto ee — \“ 

0 “ 

tories.” Operation is simple: test panel 

r for may either be clamped to table or 
placed in table ‘pan. Apparatus is run 
until desired number of oscillations 

r Charg (double-strokes) has been registered on 

‘intain a counter or until test film has shown 

ship be failure within 4” area measured 2” in 

ge tank each direction from center of test panel. 


Speed of brush is 37 oscillations per 
minute. New apparatus can be used to 
make tests under Navy 51 C-20 C, Fed- 
eral TT-P-23a, -88a, etc., also for vari- 
ous other physical property determina- 
tions: glossiness of waxes, ease of 
cleaning of metal polishes, abrasive re- 
sistance, detergency power of soaps, 
' ete. (also as store-window demonstra- 
a tor)—Henry A. Gardner Lab., Inc., 
1723 Elm St., Bethesda 14, Md. 








hout be Please mention number 73 when filling out card 
equency F 
itted t Per ee 
shut of Photocopy Attachments 
ns suff New “Stewartry Copying Attach- 
rate th ments,” originated in Scotland are now 
Gauge being distributed in the U. S. They 
ly | facilitate microfilming of documents, 
| close-up photography of dental, med- 
t ' leal and scientific subjects; also for 
photomicrography by substituting a 
aed standard microscope for camera lens. 
Attachments are composed of several 
ne Rod independent but codperating devices. 
able t Basie attachment used with all cameras 
is use is Copying Arm, fitted with a clamp 
T ype base which may be attached to any en- 












f 
The Sorensen system © with batteries ra 
AC electronic voltage regu- This new source o va 
‘ i uick, a¢ att : voltage is 
lation provides : ce evel pilized —, -_ ahaa 
curate — voltage tainable seating on 2 
the smalles minimum eee ae ures of 50 to 
change wit a n and a 95-125 A’ 
distortio 9 cycles: ~~ 
ve piation accuracy of 6 ico —_— 
r | 8 
pot 1% ses for Nobatron 
VY, of 1%: portantu een ealite 
. m 
Arrange now rt ne = “ experimental and 
ceive your sheen tion in ¢ een jJabora- 
copy of tne sourna quality “eating of com- 
electronics J pub- tories, tes os 


he automoti 


‘ ently » P 
“Curr adustries in 


lished pi-monthly- 


ponents in tht 
and aircraft } 





ic ted relays 
This same mages battery-OPere tications 
regulation eyete®” the and in Seijesirable to re° 
been incorporated ding a a a ttery to guar 
idin a 
Nobatron, related DC Paces continuous regu- 
e ante 
source of Ff an supply: 
urrents d wer 
re See ied, in the lated po 
stabilit! 





GENERAL AC REGULATOR SPECIFICATIONS 


input Voltage Range (—1 model)... 95-125 
(—2 model) . .190-250 
Output Voltage Range {(—1 model) ..110-120 
{—2 model) . . 220-240 
ee err ree 25-30,000 V. A, 
Regulation Accuracy ..........++.++ YW, of 1% 
Harmonic Distortion .............. 5% Max. (2% in “*S"" Models) 
Input Frequency Range ........... 50-70 cycles 
Inductive Power Factor Range...... Down to 0.7 P.F. 


For standard voltage regulation, Sorensen 
Model 500 is a proven leader in its field— 
compact, accurate and dependable. This 
model typifies the Sorensen line of AC 
PUMP mrliouicnihimmciietiamasd & 
lators. Let a Sorensen engineer help you 
with your next voltage regulation problem. 


SORENSEN & COMPANY, INC. 
375 FAIRFIELD AVENUE * STAMFORD, CONNECTICUT 


July 
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NEWEST 





LITTELFUSE Extractor Posts 


make mounting and changing fuses E-A-S-Y! eter between 1%” and 2%”. Find «i fe 
arm terminates in a screw w!] 

ae ; only fits Copying Attachmer 
Safe, “dead front” Littelfuse Extractor takes any camera using Ameri 

Fuse Mounting Posts are easy to install. standard tripod screw. Copying 1 


larger post, pipe or bar having a d : 





They save panel space—can be ganged 
in rows with a common bus. 

Fuse holder is in end of removable 
knob—unscrew it and fuse is quickly 


ments mount on Copying Arm 

cept lenses of Contax, Leica and |! 
cameras. Rear surface accepts « 9 
bayonet of Contax camera. Focus 












extracted and changed with fingers. screen is placed at exact dist — 
Finger and screwdriver operated the film in camera. With collapsit s 
“sin: Se 4AG 7e8 are ‘i , é a. laps ol 
ail 3AG and 4AG sizes now are / mount lenses, full range of focus * 
oo ; from infinity to 15” is accommodat mo 
Catalog number 9 gives you complete For working closer than 15”, stand 0-] 
details, write for yours today. : ; “: Sedeggaen 
ie ; ' extension tubes may be fitted to eit Wi 
acUll » ~ . ’ r 
op sO Copying Attachment.— aprod, | yed 
ry IE re 125 W. 31st. St., New York 1, N. } abl 
LITTELFUSE: ©: Qrcoyowted esa 1 on in 
0 
= SSE a AR f 
4771 N. RAVENSWOOD AVE. = CHICAGO 40, U.S.A. , ; . . sta 
Dust-counting Microprojector J gap 
WITE-T-LITE » SWITCH-LITE - 1GNITION-FRITZ -NEOK INDICATORS q . ’ ° : : 
SWITCHES - CIRCUIT BREAKERS - FUSES, MOUNTING AND ACCESSORIES New “Dust-Vue Microproject It 
designed to simplify determinat rt 
numerical concentrations of imping put 


and precipitator dust samples, and t 
eliminate time-consuming eye-strai! 


BEAT FREQUENCY GE N ERATOR direct microscope-counting of dust par 


ticles. It projects microscopic field 


age on a 250mm. X 200mm. ruled trans } 
TYPE 140-A lucent screen, magnification 1000 » 


FREQUENCY COVERAGE This makes dust-counting faster, easi opt 
20 cycles to 5 mc. 












The six inch frequency dial of the Type 140-A Beat Fr G tor has been planned for maximum 
readability and rapid setting, with combined scale lengths of the low and high ranges exceeding 22 inches. 
Continveus coverag? cf the entire cudio spectrum is possible without bothersome rang? switching. 





and more accurate; enables dust parti- 


SPECIFICATIONS: | to be dist ished fr -— 
Frequency Range: 20 cycles to 5 megacycles in Boe tube. Output Power and impedances: Rated power output: cles to ve istinguisne rom pl sie 
oy es Low Range: 20 to 30,000 cycles. High R one watt, available over the low frequency range from bubbles in glass of cell; permits Or 
30 ke to 5 megacycles. Frequency Calibration: y Hoe at output impedances of 20, 50, 200, 500, 1000 ohms, and | neentr le c ted 
+2 cycles up to 100 cycles, + 2% above 100 cycles. over both ranges from an output impedance of 1000 = trated vt les to be ; 


Adjustment: High and low ranges have individual zero ohms. Output Attenvator: Five steps: X1.0, X0.1, X.01, without secondary dilution. Light s 
beat adjustments. Low range may be checked against X.001, X.0001. Distortion: 5% or less at 1 watt output; is a dependable tungsten-mercul! 
power line frequency with front panel 1 inch cathode ray 2% orless for Y2 voltage output. Write for Catalog ““D”’ lamp. Any standard fork-stand 








microscope can be used. A removable PW! 

; screen shield permits light-room count- Bs 

BOONTON RADIO ot ing. Mine Safety Appliances ( ar 
: Braddock, Thomas, and Meade ‘St gle 

| : : Pittsburgh 8, Pa. plac 

Please mention number 733 when filling out TU) 
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Photocopy Machine 


Rie for conying pene How to relax, 
when somethings needed fast! 


from heavy bound books, has 8%” x 
\| 





b 
it | 










































gad 
wh 

ents, bu 

An erica 
ig Attac 
m and a 
id Kard 
S externa 

Focus ng 
stance 5" copy surface, is equipped with a | 
ollapsibl; ollapsible stand which fits over copy 
focusing o be reproduced. Other features: re- 
nmodate novable color filter, automatic “Time- 
| standa ()-Lite’ timer for exposures, manual 
to either /§witch for shorter or longer exposures, 
rod, Lt ved dark-room or warning light to en- 
ney. able operator to use extremely sensitive 
film or paper without any other means 
of illumination. It may be used con- 

. stantly for volume production. A novice 
JECLOr =F ean be taught its operation in minutes. 
ectoy” i: it operates on 115-volt 50/60-cycle a.c. 
havior | Genaret FRete Products Co., 15 Sum- Even if your suppliers are thousands of miles away, and you 

impinge: mit Avenue, Chatham, N. J. = “i apis ‘ oY ee 
Pond Please mention number 73,4 when filling out card need parts an supplies right now — let others do the worrying, 
straining but never you. Specify Air Express and get delivery in a matter 
dust pa : : of hours. i 
field in Pocket-size Binocular ; Air Express goes coast-to-coast overnight, and speeds up to 
att “ & New “Sard Sportsman” 6 x 20 pris- five miles a minute insure same-day delivery between many U.S. 
a enuie POEM Wie the best in binccalnes” towns and cities. Use it regularly, and you'll be paid off in greater 









Its 4%-oz. weight is said to be one- customer satisfaction and smooth-running, efficient operation. 
To solve overseas shipping problems, investigate fast, frequent, 
inexpensive International Air Express. 


Specify Air Express-it's Good Business 


@ Low rates—special pick-up and delivery in principal U.S. towns and 
cities at no extra cost. @ Moves on all flights of all Scheduled Airlines. 

@ Air-rail between 22,000 off-airline offices. 

© Direct air service to and from scores of foreign countries. 

Just phone your local Air Express Division, Railway Express Agency, 
for fast shipping action ... Write today for Schedule of Domestic and 
International Rates. Address Air Express, 230 Park Ave., New York 17. 
Or ask for it at any Airline or Railway Express Office. Air Express 

Division, Railway Express Agency, representing the Airlines of the U.S, 


LSS 


GETS THERE FIRST 








‘ouarter and its size (see illustration) 


st parti: Bpone-third of standard binoculars of 
pits and imilar power. It employs Leman prism, 
its mor n inverting system consisting of a sin- 








counted [gle piece of optical glass that trans- 
it source mits more light than two-prism system 
ury ar ound in conventional binoculars be- 
nd type JR ¢ause it has a much shorter light path 
movable #vithin glass and only two transmitting 
n count- [surfaces as against four. Lenses also 2 
ces Co. fare designed for short light path within iM , eat ‘lis 
Je Sts. glass characteristics and optical sur- PX 1 

aces coated so that light losses are — 

further reduced. New binocular is ad- » 


Fastest delivery — at low rates 


65 Ibs. of machine parts in Louisville had to 
get to Dallas fast. Picked up at 5 PM on the 
25th, they were delivered at 7 AM on the 
26th. For complete door-to-door service, the 


Air Express charge was only $15.96! 


ut 
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- justable for interpupillary dis 
Gaertner has central focusing with sepa * 
setting. Instead of conventio 
der strap, “Sportsman” com: 
detachable Nylon neck cord. 
carrying case and a wood pré 


M 9 @) 1 C AT al E T Oo at FE T a ed box are provided. Price plus « : uF 
total less than two hundred s 


Kollsman Instrument Div., |: 























Co., 80-08 45th Ave., Elmhur: \ 
For vertical measurements on objects ee 
located near sources of dangerous Variable Capacito: 
° 40 eal New air-dielectric variable 
radiation, within controlled atmosphere is suitable for industrial elect 
| . a : plications, is virtually impe) 
enclosures, or otherwise inaccessible. mechanical shock. It has a flas 


of 500 volts. Capacitance is a 4 
from 5 mmf. (min.) to 150 mmf. ( may 
by rotation through 5,000 degrees, ( 
pacitance curve is substantial! 


Range of : 
ge of measurement: 100 cm. with rotation, and no reversals oc 





Reading by vernier to 0.05 mm. throughout entire range. Max. (| 
. : ‘ : %,", over-all length 1%”; wei P 
Range of working distance: 60 cm. to infinity. prox. 16 grams. — North Americ 


. . . ‘ *hilinps Co., Inc., 100 East 4 
Magnification: 17.5X at 60 cm.; 8.5X at infinity. pS 17. N. y . 


Pi tion number 736 when f I 





The carriage is counterbalanced Tube and Set Teste: 
New “Model 805B” portable tube a 

‘ : set tester has sockets for all standa 

adjustment, Widely separated base tubes and for all tubes with n 


and provided with delicate height 


bearings for the vertical guide 
bar keep the optical axis of the 
telescope accurately in a hori- 


zontal plane during angular shifts. 








More than a dozen other types 
and sizes of cathetometer are 


manufactured by 


GAERTNER. 





For further information 


ature and sub-miniature bases as we 
Send for Catalog M138 It combines a volt-ohm-milli-ammeté 


tube tester, battery and capacitor lea! 
age tester. Built-in ‘“Rolindex” rol #7 
chart carries full data for tube settings B) + 

x x x x ~ x New tester is said to be free from tem. B me 
THE GAERTNER SCIENTIFIC CORP. ootture and frequency errors on. Pest 
. . : — . . ~ a-c. measurements by use of latest type Bare 

I211 WRIGHTWOOD AVENUE, CHICAGO 14, U.S.A. germanium crystal diode rectifie cur 
Radio City Products Co., Inc., 127 We bu 











26th Street, New York 1, N. Y. vol 
Please mention number 737 when filling ou per 
gel 

abc 


Special for Our Readers 


ONE DOLLAR (Regularly $2) High-voltage Resistors 


New “Type B” high-voltage resistors 


i j i table, b de i sistance 
Elementary Engineering Electronics Se ee 
With Special Reference to Measurement and Control are particularly suited for us 


VTVM multipliers, high-resistance volt 
By ANDREW W. KRAMER ORDER THIS UNIQUE BOOK NOW age dividers, bleeders in high-voltag 


Check, money order or cash must accompany 


Managing Editor Power dadier. 


Piant Engineering, Member 
American Institute of Elec- | Instruments Publishing Co., 

trical Engineers, Associate 1117 Wolfendale St., Pittsburgh 12, Penna. 
member Institute of Radio | Enclosed is $............for......copies of 
Engineers. Kramer's ELEMENTARY ENGINEERING 
ELECTRONICS (at $1 each). 

Chet, 906. Sapen, 29D Be FRR cies cs seen civeccavee serie vvccvees 

lustrations, $1 postpaid. NE. vias cobs baWekn techs Cedetn x40 
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S aS we 


ammete 
‘itor leak 
lex’”’ rol 


> settings 


‘rom ten 
Ts On a 


atest type 


ectifier- 


127 West 


rs 


resistors 


‘esistance 
negohms 
use 
nce voit 
h-voltage 


4 
7 


a 
4 
} , 





sion and cathode-ray tube circuits, 
is types of test equipment, etc. 
'They can be furnished in tolerances of 
b15'¢, 10% or +5%. A tolerance of 
d .9¢. is available as a matched pair.-— 
B Resistance Products Co., 714 Race St., 
HHarrisburg, Pa. 





| Range-extending Converter 
for Signal Generator 

New “Model M-275 Converter,” usec 
Pin conjunction with maker’s “Model 78 


"FM Standard Signal Generator” per- 
mits alignment and testing of i-f. am 










iplifiers and discriminators. Converte) 
juses beat frequency method of signa! 
‘generation and provides output volt 
tages of 10 microvolts to 1.0 volt, vari 
Sable with the “78-FM” attenuator, in 
Mthe 4.5-Mc., 10.7-Mc., and 21.7-Mc 
‘ranges. Provision has been made for 
‘addition of one extra frequency. Modi- 
ication of “Model 78-FM” (which cov- 
‘ers a frequency range of 86 Mc. to 
108 Me.) for use with new “M-275” is 
‘extremely simple as all necessary con- 
nections are made externally. When 
"companion units are ordered, ‘Model 
178-FM” is modified at the factory; 
‘otherwise complete instructions and ma- 
‘terials are provided for this operation. 
'—Measurements Corp., Boonton, N. J. 












Mercury Switches 


New 5-, 10-, 15- and 20-ampere her- 
mmetically-sealed mercury switches are 
‘especially adapted to explosion-proof 
jareas. They provide mercury-to-mer- 
scury contact without arcing, pitting or 
sburning; will operate at 110 and 220 
volts a.c. or d.c. in an ambient tem- 
erature of 100°C. Pressure of hydro- 
gen to quench the arc is 28 lbs./in.- 
above atmospheric. Switches can stand 
3 







é 























| 


@ Paper speed: 3” /sec, 6”/sec, 12” /sec 


100 ft. length 


SSS 


as 2 





up to 12 Gs 


@ 1/ 100th second timing interval lines or marks 


@ Reference trace in addition to 12 galva- 
nometer traces 


@ Paper capacity: 4 inch width, 


WRITE FOR LITERATURE 


DENVER 


R-12 recorder to be light in weight, small in 
size, and easily portable. You can depend 
on its precision accuracy and rugged con- 

struction. Where space is at a premium, and 
where maximum portability is desired, use 


this new HEILAND 12 trace recorder. 


@ Weight: 30 Ibs. Size 12%" L. x 94" H. x 7%" W. 


® Self-sustained reed timer takes accelerations 








CILLOGRAPH RECORDER 


You will find the new HEILAND type A 500 








Maintenance and Servicing 
of Electrical Instruments 


By JAMES SPENCER, in charge of Instrument and Relay Dep't 
Westinghouse Elec. 8 Mfg. Co., Newark, N. J. 





SHOULD be of great 
value to all those 
whose problem is to 


keep in operation the Enclosed is $ 


INSTRUMENTS PUBLISHING Co. 
1117 Wolfendale St., Pittsburgh 12, Pa 





electrical instruments 
on vital production 


copies of Maintenance and Servicing 
Electrical Instruments (at $2.00 each) 








equipment. 
: ; Name 
Price, $2.00 postpaid 
Check, money order or cash 
must accompany order 


a naccinasleerm 
ee eee 
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400% overload for short peri 
lar size, 14%” long, %” diamet 
ature unit, 1” long, %” in 

Various switch holders are ay 
Mercontrol Inc., 278 Pearl 

York, 7, N. Y. 


Please mention number 73g when fillir 





Custom-engineered Elec: ica| 
Instruments 


New custom-engineered elect 
dicating instruments are no 
produced in sample lots. Thi 
makes it unnecessary for use 
ing instruments with special 
teristics to develop their own. | 
new service is “Marion Sh 
Shop” in which special-order 














ments are manufactured to customers Bt. 
specifications in sample lots and with, § | 
minimum of red tape. Cost is said to}. 
~ much less than that of improvised j 
SE mn D) ig 4 > struments. User must fill out a spe 
ACCURACY — within + 2% Relative TT: — fication questionnaire. Quotations an , 
Humidity at temperatures from = furnished within two days and order is Fy * 
35° F. to + 130° F. and from shipped in about two weeks.—Mariy, §@°' 
J ° 7 : ’ at sions » ’ / ri Wit 
15% RH to 100% RH. Industrial Humidity Controls —— snstrament Us., Manchester Mis 
SENSITIVITY heretofore unattained, Hygrometers aii mention number 739 when filling yitl 
response almost instantaneous. Microhygrographs : =i ard 
REPEATABILITY — day in and day out ~ eeante m a v inal Wiri Stri Bi. 
requires no conditioning NNR te ermina iring trip 
Chronometric Radiosondes Tbe 


no piping — no wiring. 


DIRECT DIAL READINGS — no correc- 
tion charts — no calculations — 
services of trained technician 
not required. 


Catalogue upon request SERDEX 91 Cambridge St. 
INC. Boston 14, Mass. 


=e si New “Fanning Strip” simplifies ani Bt, 

, st a ; tr 
Ship Stability Indicators _ facilitates multiple wiring to barri " 
Electronic Centisecond Timers terminal strips. Up to twenty wires 
Coaxial Antennae ‘ Be from cable lead-in can be securely a1 
Specialized Radio Communication 











Your customers buy your product 
because they want the desirable 
characteristics it offers. Manufac- 
turers buy Bodine motors for the 
same reason because they want 
the quality and dependability these motors 
have always provided. You can select them 
to operate your product with the assurance 
of accuracy and reliability in service. Bodine 
motors are manufactured in sizes from 1/6 
to 1/2000 horsepower, in synchronous and 


nonsynchronous types, either with or with’ Bodine motor with reducer for = ; ‘fiers 
e al r sed od aot O >eds transmitting high torques at low Miniature Selenium Rectifier: 
out integral speed reducers. utput speeds  gieeds ‘ — . 
may be obtained as low as one revolutio ei Now full line of miniatare seleniu 
“7 . at ae eee eS on ; rectifiers to replace rectifier tubes i! 
per minute. If you have a problem involving the | radios, vibrator supplies, etc., range in 
use of a fractional horsepower motor, why not con- | size from 1” square to 14%” square, 


sider Bodine? Bodine Electric Co., 2244 W. Ohio | feature high current capacity, low !oss, 
and ample safety factors. Available: 






chored to proper terminals and quickly 
soldered, without usual complications 
Connections can be made on a bene! 
or anywhere apart from mounted bar- 
rier strip, and entire assembly slipped 

| into place in barrier strip “in an in- 

| stant.”—Howard B. Jones Div., Cinc! 

| Mfg. Corp., 2460 W. George St., Chi 
cago 18, Ill. 


Please mention number 74() when filling out 




























: So 7 
St., Chicago 12, Ill. “5M1,” a 100-mil 5-plate stack 1” 1 
é ° d xX %", “5P1,” a 150-mil 5-plate stack 
ngineere for your product i%_” K1%6” X %” and “5Q1,” a 250: 


mil 5-plate stack 14%” X1%”" X %”. New 
rectifiers usually cost less than tube 
and components they replace; wi!! not 
break; save assembly time; assur 
cooler operation.—Seletron Div., (‘a 
Receptor Co., 251 W. 19th St., \ 
York 11, N. Y. 


Please mention number 741 when filling out 


soe MOTORS 
HORSEPOWER 
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Lever-action Switches 


' New “5000 and 6000 Series” lever- 
tion switches have a wide range of 
pplications in industrial fields and test 

Fruipment. Switch offers a total of 26 
“i preuit combinations, 13 each shorting 
Bnd positive non-shorting, including 



















































lec Bvo, three and four positions, all with 
ical Bositive indexing at 20° between posi- 
Mons. Contacts will make and break 
lect =) ma. at 110 volts d.c. and 50 ma. at 
oe ) volts d.c., both based on resistance 
ie Had for 10, 000 cycles of operation. Con- 
er acts will carry 10 amperes without 
‘ iM y > y y o 
jal ara cessive heating. Current-carrying ca For jobs where a continuous record of rotary speed is required, this 
pity will vary with different load, fre- 
rs, sis pon and voltage conditions.—P. R. General Electric inkless tachometer recorder, known as the Type CF-3, 
_ Run ; B allory & Co., Inc., 3029 W ashington has proved highly satisfactory. With no ink to spill, it requires little 
cus st e s t., Indianapolis 6, Ind. maintenance and can operate continuously on one record roll for as 
and wit} Please mention number 742 when filling out card long as thirty days. 
3 Sa to he 
rovised ' ; RAPID, ACCURATE RESPONSE TO ALL SPEED CHANGES 
at a spe Wire-identification Labels 1 ; 
ations ax , Originally designed to operate with an aircraft-type tachometer 
nd order | New standard cards = which are generator, the CF-3 can be used with any a-c generator possessing 
;:—M Mounted self-adhesive “Quik-Label d hg Lae f 
‘i anon ive Markers (see Instruments, Nov. suitable characteristics, and is ideally suited for use with rotary presses, 
anchest 146, page 700) now come equipped turbine generators, and other rotating equipment. 
es x ™ . S é nil . . . 
ig pe seal page oth " = Highly dependable, the accuracy of this recorder is unaffected by 
rele and with this new icdinee the lead length or variations in lead resistance, and the electrical principle 
rip bels can be cut in half to make each on which it operates tends to provide greater accuracy than is obtain- 
lif bel %” long. First “Self-Starter able in centrifugal or chronometric-type instruments. For further informa 
munes ar ae)? . : - ° y . ‘ ? 
- trip aids in removal of top row of tion, write for Bulletin GEA-4703, Apparatus Dept., General Electric 
‘0 barrie: " long “Quik-Labels” by automati- 
nty wires ally exposing end of each label for Company, Schenectady 5, N. Y. 
curely an- Bijser to grasp instantly. After top row 
= : of labels has been used, second “Self- 
spp tp Starter Strip” is removed to expose 


ds of labels in second row. Thus user 





a wan now get twice as many labels on a 
a gard, and the shorter %” labels are 

particularly suited for marking smaller- 
J" Miameter wires. All 500 stock “Quik- 
» /* Label” cards now have two “Self-Start- 
ev 


ng large wires, or %” labels for smaller I : 0 TS of 


; 
> wires.—Dept. 45, W. H. Brady Co., 815 3 p & R M OM ETAL * 
f '. Third St., Milwaukee 3, Wis. EL ta 
; Please mention number 743 when filling out card & 


ae “Printed-circuit” Interstage 
d quickly 
lications Coupling Plate 


a bench f) New “Couplate” interstage coupling 
ited bar- Hplate is said to be the first commercial 
y slipped pplication of printed electric circuit. 
Nn an in- I is an integral assembly of two capaci- 
y., Cinch ors and two resistors closely bonded 
St., Ch fifo a steatite ceramic plate and mutually 
fonnected by means of metallic silver 
paths or “printed” on base plate. All 
Heads are always same length. Each 
plate i is said to be an exact duplicate of 
Sriginal.“Couplate” assembles four com- 
| onents: (1) Coupling capacitor 0.01 


r Strips” and any card can be fur- 
nished with either 14%” labels for mark- 


80 69 epg 









© LONG LIFE thru 
wear and vibration 


‘Resistance 
e * NON-ABRASIVE 


















‘ifiers 





selenium 
tubes in 
range in 
square, 
ow loss, 
railable: 
KI 
‘fe stack 
> a 250- 
4 New 
an tube 
il] not 
assure 


ult 

















: dl For an illustrated description of how PERMOPIVOTS are made, 


ask for the new PERMOPIVOT booklet .. . Free on request. 
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The Full-View 
ROTAMETER 





reduces maintenance 


The Full-View rotameter is an entirely new 
und advanced instrument, expressly designed 
to withstand hard use and to reduce mainte 
nance costs. The end fittings and heavy side 
plates are assembled like a precision die by 
means of eight stainless steel dowel pins, that 
give automatic alignment and firm resistance 
to pipe line strain. Your greenest maintenance 
man can service this instrument because of the 
lefinite guidance to proper assembly provided 


by the dowel pins, With wages and materials 
kyrocketing, here is an instrument whose final 
ost is low because it can be quickly and simply 
maintained in good working order. For full 
information, write for trooks 


Bulletin 20, 


Rotameter Company, Box A-5747, Lansdale, Pa. 


BROOKS ROTAMETER CO. | 


LANSDALE, PA. 
SS i 2 Rc EE EE RRP 





CODE CARD SYSTEM 


Removable Seif Starter Strip exposes ends of Labels for you te peel? 





| 











7 N'T PICK. USE SELF-STARTER STRIP TO Peet tases f 





LAREWISE OM FLAT SURFACES 


fil bell 


> 0 
Porents Pending 


QUIK-LABELS 
Mark Your Wires Faster 


QUIK-LABELS code Wires, Leads, Circuits, 
Relays, Parts, etc., faster and cheaper. ® 
Pre-cut to exact size, QUIK-LABELS come on 
handy cards. @ Ready to use, they stik-quik 
without moistening, replace slow and costly 
string tags, roll tapes, decals, stencils, metal 
tabs, etc. @ Silicone plastic coated to resist 
dirt, grease, abrasion. @ *Self Starter Strip 
automatically exposes ends of Labels for you 
to grasp instantly—no more finger-picking. 


Write for Folder and FREE Sample Cards 
W. H. BRADY COMPANY 


Established 19/4 
Manufacturers of Self-Sticking Tape Products 
804 N. 3rd Street, Milwaukee 3, Wisconsin 
Factory—Chippewa Falls, Wisconsin 
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mfd.; (2) Plate r.f. by-pass capacitor 
250 mmf.; (3) Plate load resistor 250,- 
000 ohms % watt; (4) Grid resistor 
500,000 ohms 4 watt. It requires only 
four soldered connections instead of 
usual eight or nine required with stand- 
ard components.—Centralab Div., Globe- 
Union Inc., 900 E. Keefe St., Milwau- 
kee 1, Wis. 
Please mention number 744 When filling out card 


Oil-well Stuck-pipe Locator 


New “Magna-Tector” locates (often 
within 12”) the point at which pipe is 
stuck in a well, or lowest point that it 
is free and from where it can be recov- 
ered. It can also be used 
to ascertain amount of 
strain at any given 
point in a string of cas- 
ing, drill pipe or tubing 
above stuck point. It in- 
dicates nature of stick- 
ing medium: (1) muck 
and sand, shale, or oth- 
er material that will 
respond to working of 
pipe or that can be af- 
fected by circulation to 
loosen pipe; (2) mate- 
rial non-responsive to 
working of pipe or to 
circulation, such as 

















hard-packed sand or cement. Primary 
element (called “tool’’) is in effect a 
60” base-length extensometer: it is run 
into well and, when a point is reached 
where a test is to be made, electric cur- 
rent is turned on to energize two elec- 
tromagnets, one at each end of “tool.” 
Magnets cling to wall of pipe and serve 
as anchors. When pipe is pulled upward, 
magnets move farther apart by reason 
of elongation of pipe. Near center of 
“tool” an electric-gage transmitter sen- 
sitive to 0.001” is located in combina- 
tion with a telescopic joint, so that elon- 
gation of base-length is read on indi- 
cating instruments at surface. To 
relocate “tool,” electromagnets are de- 
energized by cutting off current, “tool” 
is moved to a new elevation and ener- 
gizing current turned on again. Electri- 
cal components are sealed in a liquid 
silicone bath so that deep-well condi- 
tions will not impair accuracy. Effec- 
tiveness of design and construction was 
demonstrated recently when “Magna- 
Tector” was used successfully in 
World’s Deepest Well: 15,000 lbs./in.? 
pressure and 460°F. temperature. At 
present, “Magna-Tector” is not sold but 
is operated by maker’s field engineers. 
—McCullough Tool Co., 5820 S. Ala- 
meda St., Los Angeles 11, Calif. 


Please mention number 745 when filling out card 
















AMTHOR §} 


TESTERS 


for 





PAPER 

CORDAGE 
RUBBER 

LEATHER 

WIRE 

FLAT MATERIALS 


PAPER FOLDING ENDURANCE [ésice 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 











DEAD WEIGHT 
PRESSURE GAUGE TESTER : 
TACHOMETERS » 
INDICATING and RECORDING 9 


MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO, Int, 


48 Van Sinderen Ave., Brooklyn, N. Y 




















Wall-Type | 
INDICATOR. 


PYROMETER. 


A PRODUCT OF 40 
YEARS OF RESEARCH 














Model W-1 
Switchboard indicator 





Unskilled help may handle this direct- 
deflection instrument, which needs no 








manual adjustment. Designed for 
numerous ranges of tempersture 
both F. and C. 


Write for descriptive 
Bulletin 400 


Charles Engelhard, !nc. 


233 NJ-R.R. Ave. Newark 5, N. J. 


— 











CE Tester 


nd DESK) 
CALES 


RDING 





p' ‘ferential Pressure 


INDICATOR 


FOR RATE OF FLOW AND 


QUID LEVEL MEASUREMENTS 


Suitable for Static Pressures 
Up to 3,000 P.S.I. 


HAS RUPTURE-PROOF 
BELLOWS UNIT 


exclusive feature. Sensitive and accurate 
der high operating pressures. Withstands 
treme over-ranging. 


| Write for descriptive bulletin 





small 


for 





RECTIFIERS 


This unit, 40 inches high, 
delivers 70 kv, d- 


Renotron-tutl 


Consists 
of fu basic 


rectifier units 


D-C Voltages up to 165 kv 








This small cascade-type 
rectifier for generating 
smooth high d-c voltages is 
suitable for laboratory and 
factory, for testing and as 
power supply. Features: 
long tube life and much 
iower cost of replacement 
tubes. Operates from 115- 


volt, 60-cycle power supply. 

Basic unit is 35-kv, 30- 
ma _ (continuous 
20-inches high. Up to five 
units 


rectifier, 


can be stacked in 
series, giving d-c voltages 
up to 165-kv. Apparatus 
Dept., General Electric Co., 
Schenectady 5, N.Y. 


No. 11C3. 
\UGES 


R ARTON INSTRUMENT CO. 


60. ine 3500 UNION PACIFIC AVE. 
tl ‘' “ LOS ANGELES 23, CALIFORNIA 
yn, N, 


GENERAL (4) ELECTRIC 





Qe owas * RUGGED 
© DEPENDABLE 
© ACCURATEG = 


Synchronous or Manually Wound 
coocaeget 
cf FLASHERS 
(+) Automatic heavy duty, 
. motor driven Flashers 
' 4 available in circuit ar- 
0 J  rangements for every con- 


TIME SWITCHES 


Ruggedly constructed 
Automatic Switches have 
visible dial in tamper proof 
compact cabinet... pure 
silver contacts... 2 to 24 
“on"'’ and “‘off"’ operations. 
For any load . . . for every 
installation an Automatic 
time switch or Interval 
Timer will deliver superior 
performance. 





ceivable effect. Pure silver 

contacts. Models for any 

load or purpose. 
Chasers Spellers 


RELAYS 


Automatic manufactures 
a complete line of depend- 
able relays for industrial, 
business machines, radio, 


pane. INSTRUMENTS 


For utmost reliability—specify and depend 
upon Burlington Panel Instruments. They 





ator . 4 electronic and many other 7 ; ° “ 
Uses «» open, oF can type are designed, engineered and built to give 

= th -base, -1 : fof : ; : . 

is direct- ate ect te satisfactory service even under most severe 

“gh Consult our Engineering Department applications—and are fully guaranteed for 

ned for WRITE / In Switches, Flashers and ae intel : 

perature Ss Relays where dependable one year against defects in material or 


rformance is paramount, 
look for the ‘Diamond 
Seal for Diamond Quality": 


WRITE TODAY! 


workmanship. 


4 ; Write today for full details. 
CEO MFG. CO. 
» Ine, | 
5, N. J 


—  ——— 





BURLINGTON INSTRUMENT COMPANY 


8 SYATE ST., MANKATO, MINNESOTA 223 FOURTH STREET BURLINGTON, IOWA pS 
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METER HIGHLIGHTS 


@ FIVE BASIC MOVEMENTS —Elec- 
trodynamometer, moving 
iron, moving coil, thermo- 
couple and rectifier types. 


OOP ET 


@ RANGES-—AIIl standard 
ranges for every major in- 
strument need. 


@ SIZES—2",3",4",5",6”" and7’. 


@ STYLES AND FINISHES — 
Round, rectangular, 
square and fan; wide 
flange, narrow flange, 
flush, projection or port- 
able. Available in molded 
or metal case. 


ee 


@ SPECIAL FEATURES TO ORDER — 
Rear illumination, special 
dials and other features b 
available on most models. p 


Tri lett 


FEO SE ERR NERNEY RET A BITIET 


ELECTRIC AL INSTRUMENT co. 


BLUFFTON, OHIO 


Page 640—IJ nstruments—Vol. 20 





AIRLINE PILOTS 
Concluded from page 612 
the presence of a satisfactory VHF 
range or localizer signal could not al- 
ways be ascertained from the vertical 
needle.When in center position, this in- 
dicator shows that the airplane is on 
the desired flight path. It so happens, 
though, that the needle assumes the 
same position if certain failures occur 
in either ground or airborne equipment. 

As a check against such a possibility, 
the airlines, CAA and the military 
agreed upon a new Flag Alarm type 
cross pointer (see sketch). The vertical 
and horizontal needles of the instru- 
ment operate and function in the same 
manner as those on the original cross 
pointer. The red “Off” flags become 
visible whenever there is no signal or 
insufficient signal to provide a reliable 
indication from either the vertical or 
horizontal needle. Ground transmitters 
are monitored so that failures auto- 
matically turn off the transmitter, 
thereby causing the flag to appear, 
warning the pilot of the failure of the 
facility to which he is tuned. 


LIDE 


PATH 





New navigation facilities usually 
mean new instruments for the aircraft, 
or a replacement of old instruments 
with new. For example, with the omni- 
directional range, two instruments will 
be required: a radial or course selector 
and a radial converter indicator. Dis- 
tance measuring equipment will require 
one new instrument in the flight deck 
—one which will indicate the distance 
from the aircraft to some specific point 
where the transmitted is located. Final 
design of this instrument must combine 
accuracy and ease of perception. 

Many times the design of an instru- 
ment has been improved as a result of 
suggestions from pilots, mechanics or 
instrument maintenance men. When 
such suggestions have been proved 
worthy of action, they are passed on to 
the instrument manufacturer who in 
turn makes them available to the indus- 
try. 

Back of all the developments in air- 
craft instrumentation, navigation and 
communication today is an effort to ob- 
tain standardization not only on a do- 
mestic, but on an international and 
military basis. Every organized activity 
by the various groups involved fits into 
a definite pattern of future planning 
for greater safety, greater efficiency 
and economy of operation. 





PYRO oniicuiin 
SAVE TIME /.N 
MONEY! 


By using PYRO, a self- 
contained, DIRECT 
READING, § sturdy 
unit made to stand 
rough use. It is abso- 
lutely accurate and 
dependable, and quick- 

ly pays for itself. 
Unique construction 
enables operator to 
rapidly determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial “FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of mol- 
ten iron and steel 
when measured in the 

open. 

Stock ranges 1400° F. to ovvv' ¥ 
Bulletins on PYRO Optical, Radiation, Surfsc@” 
and Immersion Pyrometers on request. 


THE PYROMETER INSTRUMENT ¢@. 
Plant & Lab 
103-107 LAFAYETTE ST., NEW YORK, N. 











d 


im Canada, Sales and Repair Laboratory: 


‘ 
‘ 


Dominion Flow Meter Company Limited 
Terente and Montreal 

















—MICO-| 
ENGRAVEH 























For lettering panels of steel, alum 
num, brass, or bakelite, or for makil 
finished apparatus. 
Attachments adapt it to small 
large work on flat or curved surface 
Excellent engraving can be product 
by an inexperienced operator 
Widely used for production as wé 
as occasional engraving. 













Catalogue on request 


MICO INSTRUMENT Ci 


86 TROWBRIDGE STRE! ! 
CAMBRIDGE, MAS* 
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Editorial 
CONVENTION FEATURES 
ms ON AUTOMATIC CONTROL 
"May 19-22, 1947, the Institution 
ectrical Engineers of England 
a convention in London on the sub- 
“Automatic Regulators and Servo 
isms.” I.S.A. Vice-President J. 
icMahon, who is also chairman of 
Zam International Liaison Committee, 
‘in London at the time and at- 
Biied some of the sessions of this con- 
Mition, and he reports that some very 
lent papers o nthe subject of Au- 
atic Control were presented. 
en line with the aims of the I.S.A. 
ications Committee to present to 
' to ovuy: y | members the most interesting and 
Radiation, Suregormative material it is possible to 
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Editor, R. R. PROCTOR, 2213 Ridge Ave., Evanston, III. 


JULY 1947 No. 7 


benefit of the members, either in the 
JOURNAL or through some other 
channel to be determined by the Pub- 
lications Committee. 

(We are informed that a continuing 
paper shortage may preclude the use 
of the JOURNAL as the forwarding 
medium for these papers. However, if 
any of the papers are basic enough to 
deserve reprinting in full, they will be 
just as valuable later on when the 
paper shortage eases and we can print 
them. ) 

If anyone should wonder why this is 
being brought up at all when we can 
give no assurance that any of the 
papers will be published, or even con- 
sidered worthy of publication in the 
JOURNAL, it is mentioned for two 





INSTRUMENTATION AND THI 


— FUTURE 
A Guest Editoral 
by W. F. Hughes 


Aruba Section) 


(Delegate, 

The members of the Instru- 
ment Society of America are 
fortunate in belonging to a 
group that is interested and able 
to guarantee employment. This 
statement may seem hard to be- 
lieve, but analysis will prove 
its truth. 

Since the members of our So- 
ciety are affiliated because of a 
common interest in Instrumen- 
tation, we are the natural sales- 
men for our own positions. The 
burden is evenly divided. The 
Designer must keep abreast of 
the need for new equipment and 
in many cases step out ahead 
with something better than the 


rs on request, fain, Mr. McMahon (although not a_ reasons: (1) as an example of the type Consumer has considered. The 
TRUMENT ¢ ber of this committee) secured a of cooperation which is possible be- Salesmen. the Sales Engineers 
2 by of each of the fifteen papers pre- tween separate technical societies with and the Instrument Engineers 
EW YORK, x pted; at the same time he started common interests, and (2) as an ex- must sell and plan installations 
alr Laboratory; pceedings to obtain permission from ample of the continuous efforts being to get the most out of the equip 
mpany Limited fe Secretary of the Institution, Mr. W t forth by the Publications C it- & . - apie 
’ “Se pee see y the Publications Commit ment. The Maintenance Men not 


tread Brasher, to abstract, reprint, pub- 
or otherwise distribute to I.S.A. 
mbers any of these papers which, in 
opinion of the Publications Com- 

ttee, are truly contributions to the 
and are deemed worthy of so dis- 

buting. 

4nticipating the early receipt of the 


tee, and by Ye Editor as the “mouth- 
piece” of the committee, to make the 
JOURNAL what the members would 
like it to be—a useful publication. 
(Most of our readers probably do not 
appreciate the difficulties under which 
we are still operating in trying to build 
up the JOURNAL and otherwise get a 


only have the job of making in 
struments work efficiently with 
guaranteed satisfaction, but are 
in a position to help sell new 
and better equipment through 
their constant contacts with the 
Users. The ultimate aim, then, 
is to provide and maintain in 


uested formal permission from Lon- comprehensive publications program struments that make work 

VE Mae et De erin ce Under way) easier for the User, improve 
tt: 2 . ) = ‘ - as ; / : Py 

chairmanship of Dr. Ralph H. So whether or not any of these quality and quantity of produc 


nch of St. Louis, has appointed a 
v-committee to review the papers 
Jought back by Mr. McMahon. This 
b-committee is headed by Al Sperry 
Chicago (Past-President of I.S.A. 
d the subject of one of our “Who’s 
ho” articles in this issue). Al is a 
tionally known authority on Auto- 
atie Control and Servo Mechanisms, 
d no better man could have been 
wen for the job of determining 
ether any of the subject papers are 
brthy of presentation to the I.S.A. 
mbership, 

This committee is at work now, but 
will be some time before the job is 
mpleted. Brief summaries of all the 
bpers will be found elsewhere in this 
ue, and one can see from a quick 
ance through them that it will be a 
emendous job just to separate the 



















steel, alun 
- for maki 
us, 


to small 


British papers will appear in the 
JOURNAL remains to be seen, It is 
our hope that they may. In any event, 
the Society owes a vote of thanks to 
J. B. McMahon for having the interests 
of the I.S.A. members at heart while 
on his recent business trip to Europe, 
both in cementing the friendly rela- 
tionships between the Institution of 
Electrical Engineers and the Instru- 
ment Society of America, and in se- 
curing copies of these papers (and per- 
mission to republish them) and _ pre- 
senting them to the JOURNAL. Now 
that we have first chance at publishing 
them in this country, we hope to be 
able to take advantage of the oppor- 
tunity, and likewise to he able to re- 
ciprocate in kind at some time in the 
future. More on this later. 


—R. R. Proctor 





tion, and eliminate needless 
manual operations. 

One may say that our aim is 
to make instrument users come 
to depend upon the results of 
ovr efforts to such an extent 
that we are a constant necessity 
to industry. 

Although we may work alone 
and achieve some degree of suc- 
cess in reaching this end, free 
and more frequent exchange of 
ideas throughout our organiza 
tion will make the job easiet 
and more interesting. LET’S 
STEP OUT WITH THE NEW 
IDEAS and bat them around 
until either as individuals or as 
a group we have something to- 
offer to advance our profession 
and hence further stabilize em 

























ed surfacawheat from the chaff.” Some of the ployment WFH 
be produc@mePers may be of little interest to s , 
ator. A. members, or may present noth- Automatic Regulators and 
ee ws whatsoever, and these will be Servo-Mechanisms 
iscarded. : : ; i 
few en ee ey be of poe mech Summaries of Papers Presented at Imsti- regulators, or process controller rhougt 
* tt — 9 a al material, jytion of Electrical Engineers Convention the actual forms and applications are wide 
est i Pocono te Teates, Euglend, May 19-22, 1947, \¥ different, some common principles can b 
abstract form. Others may be vitally cpyndamental Principles of Automatic °St#blished; in particular the tendency to 
ew, I i i i i , “ vards self-oscillation or “‘t ting likel 
NT Cl W, representing real contributions in Regulators and Servo Mechanisms” By A. L, pa salieieiaiued sige siet'ets as t srennd 
we ‘ield and containing material of whiteley, D.Sc., British Thomas-Houston iain. Tas renzoen ter this 
REFT abe interest to many L.S.A. members, Co. Ltd, form of instability are examined in the 
P ind ' is our hope (speaking for the The elementary theory of closed-loop sys- paper, and an elementary approach to thé 
ASS ub ‘ations Committee) that these tems jis considered: such systems are stabilizing problem is given. Electrical sy 
apers can be reprinted in full for the known as servo mechanisms, automatic tems are dealt with mainly, but the ap 
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proach in the case or analogous dynamical 
ystems is briefly indicated. 


The theoretical treatment given is nec- 
essarily elementary, and is thus confined to 
linear systems. Transient response ob- 
tained by operational methods is consid- 
ered; also harmonic response, which lends 
itself to graphical methods of studying 


system performance. 


Elements of Position Control” By Prof. K. 


1 Hayes, O.B.E., B.Sc. (Eng.), Military 
College of Science. 
The paper offers a general descriptive sur 


vey of position control, including the char- 


acteristics of the usual input signal and 
load and their effects on performance. The 
basic principles of automatic control are 


ipplied to unmonitored and 
tion-control systems. 
Displacement-displacement servo systems 
ire dealt with in detail, the em- 
phasis being on electric-non-thermionic am- 
plifiers, and electric servo motors. The per- 
formance of these systems is discussed 
without any analysis, but the results of an- 
ilysis are used for the recommended per- 
formance 


monitored posi- 


some 


"The Use of Servos in the Army During the 
Past War’ Bu Brigadier BE. J. H. Douch. 
O.B.E., Ministry of Supply. 

The paper reviews the principal applica- 
tions of servo mechanisms to Army weap- 
during the past war, giving in each 
a general description of the particular 
ystem employed, and outlining the main 
historical and design factors governing its 


ons 


Case 


idoption. Features of design of special in- 
terest are noted. It is not claimed that the 
number of examples given is exhaustive, 
but it is representative of the fleld covered 


in relation to Army weapons. 


The Nature of the 
Manual Control, 
Controller 


Operator’s Response in 
and its Implications for 


Design” By Prof. A. Tustin, 


M.S« University of Birmingham. 

This paper gives a brief account of a series 
of measurements of the movement of the 
controller handle and of the error of aim 
under conditions simulating the laying of 
1 gun on a moving target by manually- 
controlled power operation. 
The results are analysed with the object 
of obtaining the “operator's response,” i.e. 
the relationship between the movement 
made by the operator’s hand and the error 
ind its variation as seen by the eye. 

It is found that the response relationship 
is non-linear, but the relationship may to 
1 useful extent be approximated by a “near- 
est linear law” namely that the speed of 
handle movement is dependent upon both 
the error and the rate of change of error. 
subject to a time delay which corresponds 
to that known to be involved in nerve 
transmission The actual movement is 


found to differ from this relationship, both 


n being intermittent or jerky and also in 
being subject to apparently haphazard va- 
riations 

\ project for further investigation is out- 
lined by which the difficulties in more de- 


tailed analysis may be overcome. 


On the basis of the results so far obtained 
it is shown that an explanation is provided 
for some of the outstanding phenomena 


observed in the laying of guns and in other 


eases of manual control of power-driven 
apparatus, and it is shown that there is 
aun upper limit to the accuracy of control 


obtainable 

Finally, the paper shows how the error in- 
curred in tracking a target is fundamental- 
ly related to and depends upon the time de- 
lay which occurs between the stimulus re- 
ceived by the eye and the resulting muscu- 
lar response, and gives comparative values 
for the theoretical limit of accuracy obtain- 
able with controllers having various types 
ff response characteristics, as a function of 
this delay time, for an otherwise ideal op- 
eration 


The lines along which an improvement of 
performance may be sought are discussed 
in the light of these limits and the other 


phenomena observed. 
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Mechanisms Used by _ the 
Royal Navy” By Commander (E) J. O. H. 
Gairdner, O.B.E., A.M.JI. Mech. E., R.N. 
Naval Ordnance Department, Admiralty. 


“Some Servo 


In naval gunnery, especially in anti-air- 
craft systems, it is necessary for the gun 


to be kept constantly laid upon the target, 
regardless of the ship’s movements, with a 
high degree of accuracy. The paper dis- 
cusses the implications of this requirement 
in terms of the angular movements to be 
imparted to a normal 2-axis gun, and 
shows the necessity for complete automatic 


power operation of the gun from the cal- 
culating position. It also shows that auto- 
matic operation is likewise necessary in 
every link of the complex system that con- 
stitutes a modern fire-control arrangement. 
From this introduction the paper describes 
the history of early efforts at automatic 
control, leading up to methods used in H. 
M. Ships during the war. The relative 
merits of electricity and hydraulics for 


these large position-control servos are dis- 
cussed, and the difficulties of adapting the 
earlier designs of mountings for automatic 
control are presented. 

The paper ends with a summary 
somewhat stringent requirements 
naval servos must satisfy. 


of the 
which 


“Data-Transmission Systems’ By J. Bell, 
M.Sc., Muirhead and Co., Ltd. 

The paper deals with the methods employed 
for the transmission of data which have 
been used in the Fighting Services up to the 
present day. An historical review is made 
of the main types of instruments used over 


the last 40 years, particularly for Naval 
purposes. The development of the present 
types of data transmission—in particular 


is dealt with more fully, and 
references are made to parallel develop- 
ments in this and other countries. 

Various applications are described, giving 
the methods of application and limitations 
of use of the various types of element. 

A number of photographs showing typical 
magslip elements are included, and an ab- 
breviated list of types of magslips and some 
performance figures are given in an Ap- 
pendix. 


the magslip 


of Electrical Remote 
By W. E. C 
of Electrical Engi- 


Naval Applications 
Positional Controllers’ 
pert, Assistant Director 
idmiralty. 
A survey is made in 
the applications in the 
electric servo mechanisms 
control purposes. 

The need for the greatest possible measure 
of automatic operation in fire-control pre- 
diction, and in the pointing of the guns in 
accordance with this prediction, in order to 
combat high-speed aircraft and to make 
the fullest possible use of the continuously 
up-to-date location of the target by radar, 
led to the introduction of the servo and 
remote power-control systems described. 

By far the greater part of the systems re- 
ferred to in the paper are therefore the re- 
sults of development and application to 
specific projects over the past ten years. 
trief reference is, however, made in the 
first part of the paper to some earlier forms 
of servo mechanisms of the contact-oper- 
ated type used in the Navy, since this is of 
interest as a background to the later and 
more modern types of continuously operat- 


y 
iam- 


neCcringd, 
this paper of some of 
Royal Navy of all- 
for armament 


ing servos, which have largely superseded 
them. 
This is followed by a description of some 


applications of high-performance servos of 
small or medium powers. These are mostly 
of the type using a split-field d.c. motor in 
which the armature of the motor is supplied 
direct from the d.c. supply through a series 


resistance (to limit the current at stand- 
still) and the motor fields from a thermi- 
onic amplifier under the control of the 


servo transmission. 

Finally a description is given of remote 
power-control applications of large power in 
which the initial amplification is by thermi- 
onic amplifier, but in which further power 
amplification is obtained from rotating ma- 





chines (Metadyne and W 
feeding the armatures of separ 
d.c. motors which drive the lo 
A general reference only has 

the M-type and magslip el 
transmissison systems used f 


and remote power-control 
scribed, since information con 
is given in the paper on “Dat 


sions” by Mr. J. Bell. 


“The Use of Servo Mechanism 
By Prof. A. A. Hall, M.A., Im 
of Science and Technology. 

In each field in which serv 


have been applied in aircraft, nt a 


used different 
same result, and 
mechanism has be 
applications. Therefor: 
no more than 


signers have me 
the 
of 


achieve 
lar type 
different 
vey can show 
sections, Section 1 gives a brief 

the conditions which a servo 
encounter in the air; Section ! 
count of typical applications to 
systems are put in the air; an 

is an account of some trends 

ment, as illustrated by a few dé 

have been used. 

“Theoretical Foundations of P ( 
trol” By G. H. Farrington, B.S« 
aineer, Ilford, Ltd. 

The paper surveys the theoreti 

tions which underlie the behavio 
matic process control. The general 
control described and 
lytical purposes, the control acti 
plant response are taken 
sideration is given to the plant cha 
as determining response to potenti 
tion and mention is made of the 
with electric circuits which can b 
employed in this connection. Ba 
actions are described anda fundar 
tinction is drawn between action 
trol. The questions of stability ar 
examined with the help of 
grams and polar curves. Stress 
the limitations on damping 
posed by the nature of the plant 
istic. Theoretical examples are gi 
effect of various methods of contr 
postulated plant in face of load 
point changes. Attention is draw: 
approximations involved in th 
generation of integral and deriv 
trol action, with particular referer 
control setting restrictions imposed 
ent methods of providing combin¢ 
tional, integral and derivative 
Finally, brief consideration is giver 
possibilities of applying theoreti 

to actual process control. 


systems is 


sepal 


are 


whict 


“Automatic Voltage Control of Ge) 


By C. Stewart, British Thomsor 
Co., Ltd. 
This paper does not attempt t 


particular makes of automatic volt 


ulators, about which so much liter 
already available. Instead, after a né 
classification of regulators, an attempt 


made to the governing fa 
regulator design, and the various Ww 
means which are adopted to achi 
able automatic control. 


describe 


“Amplidyne Regulating Systems 


Adkins M.A., British Thomson 
Co., Ltd. 
The amplidyne is a cross-field-ex 


generator, in which the field input 
smaller than that of a normal ge! 
3cause of this property it can be us« 
automatic regulator for a wide \ 
industrial equipments. In such an equ 
ment, the amplidyne is generally us« 
exciter for a larger machine or com! 
of machines, such as a.c. or d.c. ge! 
or motors, or intermediate exciters 
way a large output can be controll: 
the amplidyne field current. In ord 
tain automatic regulation of any 4 
the quantity is matched against a cons 
reference, and the difference is 
excite the amplidyne so as to corr: 
change, thus forming a closed-cycle 
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regulation 


1 \ high accuracy of 
easily be 


r idy conditions can 
eve ) this way. 
unsient conditions, 










the 





dt 7 uipment is a matter of changes 
, the steady state, and can be in- 
us won i by means of an equivalent sys- 
cpg i "Magram from which all steady volt- 
Dat ms omitted. A typical equivalent sys- 
» pos sts of a chain of amplifying stages 


a, a feedback circuit connecting the out- 
isms ae of last stage to the input of the 

With the aid of this equivalent 
, Fram the nature of any oscillations 
rvo niclch may occur can be investigated. This 
aft, « nt Aifhod of attack is of general application 


the 






















stagt 





t me any type of continuous regulating de- 
nd ¢ +m and has proved of particular value for 
s bes ed damplidyne regulators. 
refore factors governing the accuracy, sta- 
an a ' y and speed of response are discussed 
brief mt elation to the whole system and to each 
rvo hponent, as well as the effect of addi- 
ion r al apparatus such as anti-hunt trans- 
3 to v § ers, and ballast resistors. 
; and t — 
nds . 
; tomatic Control Applied to Modern 
w de " ess | me . 
h-Pressure Boilers” By Ll. Young, — 
ley Meters and Controls, Ltd. 
m developments in boiler design necessi- 
f Pro Coimied by the employment of high steam 
3. Se e] ssure and temperature have increased the 
Wasitivity of the boiler unit to variations 
retical foundiiMqring rate. As a result the duties of the 
havior @rator have become more onerous, and 
neral 1 ance on the skill of the individual rend- 
| and, for all the performance of the plant dependent 
action ar the human element. 
-parate C ognition of the limitations imposed on 
it char Mant efficiency by the intervention of the 
otenti waler operator has led to many plants be- 
f the z equipped with automatic devices to exe- 
an be e routine readjustments in fuel and air 
Basi bply and feed-water flow. 
indament » paper describes an air-operated system 
ction automatic boiler control, though the 
y and ciples stated apply equally to systems 
of ve ng other types of motive power. 
ess e equipment described has proved to be 
which iable in operation and apart from the 
lant cl yroved technical performance over man- 
e giver control, has increased the overall effi- 
contr ney of boiler plants so equipped. 
load ar apart from the automatic control of stoker 
drawn to tid pulverized-fuel-fired boilers, devices for 
the pract control of steam temperature, water 
erivatl el and feed-pump protection are also de- 
ference t ibed. 
posed by 7 & na Se 
am Fe Rutomatic Control in the Chemical Indus- 
: illeres ” By J. W. Broadhurst, T. C. Broderick, 
tic , W. Foster, and G. E. Wheeldon, Im- 
rial Chemical Industries, Ltd. 
attempt is made to summarize the pres- 
®t position of automatic control in the 
f Generato f@emical industry. 
mson- Hous ter discussing the advantages to be 
ined by automatic control, it is shown 
f to descrifMat at present the chief difficulty in the 
 Voltag mical industry lies in the measuring 
literature pment. These difficulties are discussed, 
ter a gene d typical examples are given. 
n attempt resume is given of basic types of control 
ag factors uipment at present in use in the chemical 
us Ways Anifiustry, These are, in the main, pneumatic 


achieve s hydraulically operated; the reasons for 
is are discussed. 


e controlled process is briefly considered, 


ms’ By d the lines of possible future develop- 
Lson-Houst ent are discussed, with particular ref- 
ence to process analysis and the design 
l-excited complete electrical control systems cap- 
put le of working under chemical plant con- 
\l ger ions, 
e used as 
@ variety pone Industrial Electronic Servo And 
1 an cquiiiegular Systems’ By E. W. Forster, B.Sc., 
y used as Ml LL. OC. Ludbrook, B. Eng., British Thom- 
combinat -~Houston Co., Ltd. 
- er " — perience of electronic servos in industry 
ters . ce 1932, and under arduous military con- 
trolled fr ions since 1939, indicates that correctly 


order to OWM/gineered equipments will give at least ten 
ly quant ars’ service under heavy industrial con- 


a “~y @tions, with maintenance confined to occa- 
is \ __papre! valve replacements and routine at- 
corre . n te auxiliary contacts. Failures of 


itest high-quality components will be 





behavior 


statistically insignificant up to fifteen 
years’ life. 

Transient and steady-state errors of linear 
continuous-control servos can readily be 
predicted, and the use of electronic ampli- 
fiers permits very close approach to the 
known fundamental limits Non-linearity 
seldom improves accuracy in the normal 
range, but is necessary for good recovery 
from disturbances exceeding this range, 
and can readily be introduced at the re- 
quired signal level in electronic amplifiers. 
Electronic position-control servos, highly 
developed for military applications, appear 
essential to future nuclear-power plants 


and are immediately applicable to the me- 


chanical handling problems of heavy in- 
dustry. 

Electronic voltage regulators of the thyra- 
tron type have been used since 1935 for 
controlling the voltage of generators, not 


only for special testing installations requir- 
ing voltage regulation to within + 0.1%, 
but also for controlling the voltage of large 
alternators in power stations. 

Electronic speed 
controlling the 
method of control 


regulators are used for 
d.c. motors, the 
being by variation of 
shunt fleld-current, armature voltage, or a 
combination of both. Motors of 4000 h.p. 
are being controlled by acting on the shunt 
field of the generator supplying armature 
power to the motor. 

Speed control of a.c. commutator 


speeds of 


motors of 


the Schrage type is achieved by the auto- 
matic operation of the brush gear-shifting 
motor. 

These points are illustrated by description 


of typical industrial applications of position 


control servos and automatic regulators for 
current, voltage and speed. 
“Electronic Servo Simulators” by Prof. F 


C. Williams, O.B.E., D.S¢ Department of 
Electrotechnics, Manchester University and 
F. J. U. Ritson, B.Sec., Turner and Newall 


Research Fellow, King’s College, Newcastl 


The paper presents an outline of a method 
which will allow automatic control systems 
to be studied experimentally by means of 


an electronic apparatus called a “simula- 


tor,”” which is constructed so as to have the 
same characteristic equation as the control 
system, 

This apparatus may be used to predict the 


response of the control system to the vsual 
standard input signals such as step-func- 
tion changes in the value of the input quan 


tity or of its derivative or to the more com- 
plex input signals encountered in actual 
use. The method is considered to be valu- 


able in cases where these responses are dif- 
ficult to calculate because of the complexity 
of the control system or because it contains 
non-linear elements. 
Simulators may be broadly 
two categories, first “slow” 
which the time scale is such that 
sients occur slowly enough to be recorded 
by an operator reading a meter or on a re- 
cording instrument; and secondly ‘“fast’’ 
simulators in which transients are recorded 
with an oscillograph. Often this type is 
operated at a recurrence frequency of, say 
50 c/s and is then called a “repetitive” 
simulator. 

A simulator for an r.p.c. mechanism 
stabilized by “phase advance” is discussed 
in detail to illustrate the methods of design 
and results obtained with the apparatus 
are compared with those calculated from 
the characteristic equation. Electrical com- 
putation circuits which have been found 
useful are summarized in a table. It is 
shown how the apparatus can be modified 
for the study of servos which are stabilized 
by feedback methods. Two cases where the 
control system contains non-linear elements 
have been studied; first the case where the 
servo-motor torque is limited, and secondly 
where backlash exists in the gearing be- 
tween servo motor and reset. Curves show- 
ing the effect of various amounts of torque 
limitation and backlash are given. 

Finally repetitive simulators are discussed 
briefly and circuits for producing the input 
signals and oscillograph time-base wave- 
forms are described. 


classified into 
simulators in 
any tran- 


servo 





Official News 


To ALL SECTION SECRETARIES 


Many Sections elect new officer in M 
or June, and a number of announcements 
of these changes have already reached thi 
office. To the previously published list of 
Section Delegates, Secretaries and JOUR 
NAL Correspondents, the following rudd 
tions and/or changes should be made, It 
intended that a compléte up-to-date list 
will be published in September or October 
If any changes have been made in you 
Section personnel, please advise the [Editor 
of the JOURNAL as so00n as po bl 
that the new list will be correct 

By Sections, these changes re now 
effect 

BALTIMORE: New Secretary and Treas 
ure! Felix Cox, Bethlehem Steel C 3] 
rows Point, Md 

CHICAGO: New JOURNAL Correspond 
ent—Miss Sylva Mae Dushk+ Askania 
tegulator Co., Chicago, Ill 

CLEVELAND New Secretary Clar} 
Joy, 4569 W. 220 St., Cleveland 16, Ohio 
New JOURNAL Correspondent—L. H. Wal 
drip, 3929 Strandhill Road, Cleveland 20, 
Ohio. 

CUMBERLAND: New JOURNAL Corre 
spondent John S. Kelly, 322 Cumberland 
St., Cumberland, Md. 

DETROIT New Secretary Robert W 
Gardner (Ford Motor Co.), Instrument So 
tiety of America, 100 Farnsworth Ave 
Detroit Mich New Delegate J. Rich 
ardson (Brown Instrument Co.) 1] 
Brainard St., Detroit, Mich 

NEW JERSEY: New JOURNAL Corre 
spondent—H. M. McCarthy, Standard Oj 
Development Co., P. O, Box 37, Elizabeth, 
N. J 

TENNESSEE New Secretary Ll. W 
Thayer, 1229 Bristol Highway, Kingsport 
Tenn New Delegate J. T. Elder, 318 W 
Ravine Rd., Kingsport, Tenn New JOUR 
NAL Correspondent J DD. Barne 1636 
Pineola Ave Kingsport, Tenn, 


ABSTRACT OF MINUTES OF CLEVELAND 
MEETING OF BOARD OF DIRECTORS 


The Board of Directors of the Instrument 
Society of America convened at 11 im I 
the Aviation Room of the Carter Hotel 
Cleveland, Ohio, April 25, 1947, President 
Fairchild presiding. The following Sectior 
were represented 

SECTION VOTES DELEGATE 


Aruba 26 Harvey Lee (proxy) 
CentralIndiana 65 Harvy Rockwel 
Charleston 112 Charles Holtz 
Chicago 231 Earl Rieger 
Cleveland 105 Harvey Les 
Cumberland 27 A. H. Shafer (prox 
Detroit 82 H. H. Barnum 
Kansas City 36 O, L. Boutro 
Louisville 11 KE. H. C. Brown 
New Jersey 133 George Feeley 
New York 122 Ralph Batcher 
Oak Ridge 67 Charles Holtz (proxy) 
Philadelphia 242 M. H. White 
Pittsburgh 151 A. H. Shafer 
St. Louis 68 R. H. Munch 
South Bend 21 J. Buck 
Washingten 121 R. Goetzenberger 
Wayne County 10 Wm. Baker 

Total Sections 18; total membership rey 
resented 1690 

Executive Committee Cc. «@ Fairchild 
President; C. F. Kayan, Ist Vice-President 
H. H. Barnum, R. H. Munch, Vice-Presi 
dents; H. E. Ferguson, Treasurer; Richar 
timbach, Executive Secretary A. F. Sper 
ry, Past-President. Absent: J. B. McMahor 


Vice-President. 


Guests: 


members 
visory 
gjend; C 


D. 
tudolph, Chicago, G. 
of Instrument 


A. 


Philadelphia 


J Angus, Indianapolis 
Kelsey, New York 


Manufacturers’ Ad 


jousky, Cleveland; A. Hejduk, Cleveland 
R. R. Proctor, Chicago 

The following items were considered by 
the Board: 

1. Minutes of last meeting, mimeo 
graphed and distributed previously. Read 
ing dispensed with, but accepted as dis 


tributed. 


July 








Committee G. E. Gilliam, Sout! 
Mabey, New York Ed Grace, 
Paul Exline, Pittsburgh; San 
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2. Report of Committee on Committees, 
W. A. Wildhack, chairman. Presented by 
Mr, Goetzenberger in absence of Mr, Wild- 
hack. Report accepted, following which a 
motion was passed that the Committee on 
Committees as such be disbanded and a 


new standing committee known as _ the 
“Committee on Rules and Procedures” be 
established. This committee “shall formu- 


maintain records of, and 
review such rules and proce- 


late, coordinate, 
periodically 


dures as are deemed necessary or desirable 
and are promulgated or approved by the 
Board of Directors for the guidance of the 


officers and members of the Society, in the 
conduct of the Society activities and in 
facilitating fruitful contacts and coopera- 
tion among themselves and with other tech- 
nical Rules adopted by any com- 
mittee for the conduct of its own activities, 
or directives for its sub-committees shall be 
referred concurrently to the Committee on 
tules and Procedures for comment and rec- 
ommendations, and to the Board of Direc- 
tors for approval. It shall initiate and re- 
ceive suggestions for the establishment of 
new standing committees and shall 
ymmend to the Board of Directors and the 
Constitution Committee such changes in the 
By-Laws as to provide 
for the the 
proper So- 
ciety.” 

3 Report otf 
None, 
man 

1. Report of Educational Committee, Dr. 
B. R. Teare, chairman. Complete report 
submitted but not read, and accepted. 

Report of Employment Committee, C. 
F. Goldcamp, chairman. Report accepted 
with thanks. (Summary of this report pub- 


societies 


rec- 


may be necessary 
required to carry on 


activities of the 


committee 
and desirable 


Constitution Committee. 


lished in May JOURNAL, page 471). 
6 teport of Finance Committee, A. H. 
Shafer, chairman. Report accepted, and the 


following actions taken on recommendations 
in the report 
a. Motion that the Executive Committee 
be given authority to approve the ac- 
counting set up by the 
Treasurer. 


system as 
Passed. 


b. Motion that all physical and business 


arrangements in connection with Na 
tional meetings be placed under the 
authority of the Executive Secretary. 
Passed 


Motion to employ an 
sistant in the 
office at 
year. 


additional 
Executive Secretary's 
a maximum rate of $2200 per 


Passed. 


as- 


d Motion to set aside $400 per year for 


legal advice. Passed. 


é Motion to place $5000 in Government 


bonds as a sinking and reserve fund 
during 1947. Passed. 
f. Motion to put aside $500 for equip- 


ment and its depreciation. Passed. 
g. Recommendation that $3000 be placed 
in the hands of the Recommended 
Practices Committee. Discussion post- 
poned until after the report of that 
committee. 
Report of Meetings Committee, A. F. 
Sperry, chairman, Report, covering the ar- 


rangements made with the Stevens and 
Congress Hotels in Chicago for the 1947 
Conference and Exhibit, accepted with 
thanks. 

8. Report of Membership Committee, R. 


Rimbach, chairman, Report, listing increase 
of Sections and membership since January, 
1946, accepted as read. 

9. Report of Emblem Sub-Committee, 
Philip Ewald, chairman. Report read by 
Mr. Rimbach in absence of Mr. Ewald. Em- 
blem design was exhibited and motion 
made and passed to accept same and start 
necessary proceedings to procure them in 
quantities. (This report, together with de- 
sign of emblem, was published in May 
JOURNAL, page 471.) 

10. Report of News 
J. B. McMahon, chairman. Read by Mr. 
Barnum in absence of Mr. McMahon. Re- 
port accepted. (The gist of the recommen- 
dations in this report was incorporated in 
the editorial in the June JOURNAL.) 


Sections Committee, 
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due to illness of Harry Moore, chair-* 


11. Motion to officially thank the Cleve- 
land Section for its fine job of arranging 
for the subject meeting was then 

12. Report of 
Earl C. Rieger, 


passed. 
Nominating Committee, 
chairman. Mr. Rieger re- 
ported on the present status of activities 
in preparing a slate of officers for consid- 
eration at the annual meeting in September. 
Report accepted with thanks. 

13. Report of Publications Committee, 
R. H. Munch, chairman. (To be abstracted 
and published shortly.) Report accepted as 
read with thanks. 

14. With the Board’s permission, the re- 
port of the Public Relations Committee, C. 
O. Fairchild, chairman, was referred back 


(without asking for acceptance) to the 
Committee on Committees and the Consti- 
tution Committee for action on the sug- 


gested change of name to the Coordinating 
Committee. 

15. Report of the Recommended Practices 
Committee, F. H. Trapnell, chairman. Fol- 
lowing acceptance of this report, motion 
was made and passed that $3000 be set up 
for the issuance to every member of a 
binder suitably inscribed with the LS.A. 
emblem, to contain the releases of the Rec- 
ommended Practices Committee and what- 
ever other material the Publications Com- 
mittee sees fit to publish in such form. (The 


approval of such a binder was reported in 
the May JOURNAL, page 471.) (The re- 
port of the Recommended Practices Com- 
mittee was abstracted and combined with 
correspondence from the chairman, Mr 
Thapnell, and published in the June 


JOURNAL.) 


16. Report of Research Committee, R. 


H. Muller, chairman. None. 

17. Report of special Committee on Ex- 
penses of Delegates, A, F. Sperry, chair- 
man. The report brought out that the So- 


ciety is not yet financially able to pay the 
expenses of Delegates to National Meetings. 
Following considerable discussion, it was 
moved that the Society should not attempt 


to pay such expenses. The motion was 
seconded, but further discussion indicated 
that it would be advisable for a pro- 


tem ways and means committee to further 


investigate the situation before definite 
action was taken. It was decided that the 
question should be brought up at the an- 


nual meeting in September; therefore a 
motion to table the original motion was 
made, seconded and passed, 


The meeting was then adjourned. 








L.S.A. 
Employment Ser\ 


INSTRUMENT SALESMEN by 
sales organization. Will be requi 


industrial process problems for deen 
ducing valves, boilers, various f 
trols, pumps and steam specialrix Mus: | 
previous experience and technica 
an engineering nature. Two terr 5 
southeast portion of Ohio and ¢ weer 
tion of Ohio. Commission with Wing 
count. Applicants must own car 
. . * 
INSTRUMENT TECHNICIANS | Tennes 
Valley Authority. Must have expe ¢ 
repair and calibration of delicate trica 
struments and a thorough knowl« if 
trical measurements. Positions sified 
Electrical Engineer I with entrance salar, 


$2770 per annum based on 40 hour tk 
schedule with opportunity for within-grad, 
creases and promotion. Location ( tan 
Tenn. Box 63. 


ZONE MANAGER for leading autom: 


manufacturer. Must be familiar with ins 
mentation in chemical and other industries 
order to work with representative n 


Coast. To be located preferably  bety 
Baltimore and New York. Box 64 
- * : 


INSTRUMENT MECHANICS thoroughly 
iar with and experienced in oil 
strument service and maintenance. Rate $\{ 
per hour. Location Missouri. Box 65 

ao . 7 


ELECTRICAL ENGINEERS (two) by 
turer of rocket propelled engines for design ; 
development of electronic equipment inyol) 
pulsing, time constants, amplifier, power sy 
ply, circuits. Must be experienced with stan 
ard type of industrial instrumentation. Bourd 
tube gages, thermocouples etc. and mus 
able to setup, take data and calibrate comp 
cated electronic equipment. Should be able 


refinery 


manuty 


build mechanical devices and operate, 
press, etc. Location New Jersey. Box 66 
7 7 * 


INSTRUMENT ENGINEER by large manuti 
turer of control instruments for design and 4 
velopment of control instrumentation. Eng 
neering degree and previous experience 
quired. Must be thoroughly familiar with cot 
trol instruments. Box 67. 





you mean to stand there and tell me that you can't have these thing: 
back on the job in three bours???!!" 


























Editor’s Notes 
RENCE SCHEDULE ARRANGED 
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Sery t a meeting of the Chicago Con- 
tion Committee on June 6, 1947, 
by s irman A. F. Sperry presiding, many 
requi ' he details were 
S for es aa ed ut in the 
ious \ dais for the 1947) [7 
Clalties Mus, ference and 
pnical cate Mmmibit to be held 
and 10 chuc. MEU Bic aso this 
with :ay,,. jing September 
car , fe. Barring un- 
~ Bi seen upsets, the 
NS by Ten,,fjgen technical ses- 
> exper ce 7 ns, nlus one 
licate tic) Aponstration ses- 
cnowle if ¢ , and the three 
ions sific cational ses- 
San’ Silay is are as pre- 
0 hour il “ 
© with sly reported in 
tion Chattan e columns, The 
~‘Bimplete schedule 
Fevents, as it now 
automaric con:flmmmds, is Shown in 
iliar insumtimetable else- 
ther industries Miere in this issue. 
Mtatives on | 
ferably he, r. Sperry re- 
ox 64 ed that most 


the technical 
mirmen for the 


thoroughly, { 8 : 
jous sessions 


Oil refiner 
nce. Rate si: already been 
Box 6 ppointed, and 
airman Swarr of 
0) by manufj Plant Trips The Stevens Hotel 


es for design , 
ipment inyol; 


b-Committee re- 
rted that two 


Conference and 


0b Nah aignt trips had al- ; 
station. Bou,qimedy been arranged. The first is a 
and muy ap through the Standard Oil Re- 
alibrate commery at Whiting. This trip is limited 
ould be able fe the first 100 persons who register 
| operate, dr the trip. The second is a trip 
y- Box 66 ‘ough the South Works of the Car- 
ezie-Illinois Steel Corporation, where 
large manuf blast furnaces, open hearth, and 


design and ¢ 
entation. Eng 
experience 1 
uiliar with cog 


ling mills will be seen. A third trip 
ough the Edison Meter Testing Lab- 
atories and the Throop Street gen- 
ating plant is being arranged. All of 
ese are scheduled for Friday after- 
jon, Sept. 12. 


"Reports from other sub-committee 
airmen present indicated that all 
mittees are now active, and that 
erything is “now under control”. 
mveryone attending the Conference can 
assured of a well-planned and 
oothly functioning affair, and the 
iety’s thanks are hereby extended 
the many committee chairmen and 
embers whose efforts are and have 
en directed toward this end. 
















“BETTER PRopuUCTs AT Less Cost” 
This hopeful phrase is the keynote 
the exhibit (as well as for the pro- 
am of papers and the educational 
lurses) at the Second Annual Instru- 
ent Conference and Exhibit to be held 
the Stevens Hotel in Chicago in 
ptember. 












The first general Bulletin armounc- 
g the Conference made its appearance 
May. Cy Goldcamp and Macolm 
ovejoy did a nice job on it, listing the 
ntative program of papers and an 
ost complete list of the exhibitors. 
entioned also in the Bulletin were a 
uple of little items which may have 
men overlooked, and which will bear 
Ppeating here: 












(a) For the convenience of mem- 
bers and their guests arriving early, 
but unable to immediately obtain the 
use of their hotel accommodations, the 
Society is providing rooms near the 
exhibit hall which will be available dur- 





on Michigan Avenue, Chicago, where the 1947 


Exhibit will be held, September 8th-12th. 


ing the morning hours. You are most 
cordially invited to make use of these 
rooms to freshen up after your trip. 
(b) A message center will be main- 
tained by the Society during the Con- 
ference in the Office immediately out- 


side the Exhibition Hall. Lost and 
found service, message service and gen- 
eral information service will be han- 


dled here. Everyone is invited to make 
use of these services. 


To us, it’s remarkable how much a 
couple of little things like this contri- 
bute to the overall success of a con- 
vention. But it was proven last year 
in Pittsburgh—the message center, es- 
pecially, was one of the busiest spots 
in the hotel! 


Last but not least in this review of 
the Bulletin, we herewith “plug” an- 
other punch-line—make your hotel res- 
ervations early. This cannot be empha- 
sized too strongly, as the room situa- 
tion in Chicago is critical. Complete 
your plans now for your visit to the 
Chicago Conference, and get your hotel 
reservations made as soon as possible. 
See you at the Stevens. 





3. THE NEEDLE POINTS TO— 


Aruba, Cleveland, Detroit, Oak 
Ridge and Southern Michigan — for 
generally interesting reports; 


New Jersey—in a class by itself from 
Ye Editor’s standpoint, requiring ab- 
solutely no editing, and the more re- 
markable in view of the fact that it 
was written by a newcomer, the newly 
appointed Correspondent, H. M. Mc- 
Carthy. Let’s have more like it, Mr. M. 

R, R. Proctor 


General News 
GOVERNMENT AGENCIES TO EXHIBIT 
AT INSTRUMENT SHOW 


Word from 
of the Chief of Ordnance, U. S 
Army Ordnance will exhibit at 
Annual Instrument Conference 
at the Stevens Hotel, Chicago, 
8-12, 1947 

The Ordnance 
the latest electronic 
The demonstrator to be shown will 
transparent side plates so that mechanisms 
can be seen. In addition to the 
several special optical instruments 
rocket control will be exhibited 

Other Government Departments” whict 
are preparing exhibits are the National 
Bureau of Standards, the Naval Ordnance 
Laboratory and the U. S. Weather Bureau 


Office 
that 


the 
Army 
the Second 
ind Exhibit 
September 


has been received 


featur 
omputer 


Department will 
inti-aircraft « 


have 


computer 
ind a 


1947 CONFERENCE SCHEDULE 
Nation 
meeting 


With Chairman Al Sperry of the 
al Meetings Committee presiding, a 


of the Chicago Convention Committee wa 
held on June 6, 1947, at which time the 
tentative Conference schedule was approved 
as follows 

Barring unexpected developments, thi 


schedule for the week of September 8 to 1 
will be considered final when the officia 
program goes to press. The subject und 
speakers scheduled for the various paper 
sessions were announced in the June issue 
of the JOURNAL, is well is in the 
BULLETIN sent out in May. Final assign 
ment of the speakers to particular session 
will be done shortly, and the complete pt 

gram published as soon as it is availabl 


Section News 
ARUBA 


Aruba Sec 
June 3. The 
meet 


eleventh meeting at the 


on the 


The 
tion was held evening of 
interesting part of the business 
the report by our National Dele 
gate, Bill Hughes. He stated that he had 
received a seven-page letter from Harvey 
Lee of the Cleveland Section who voted our 


most 
ing was 


proxy at the April Meeting of the Board of 
Directors in Cleveland. The letter covered 
the meeting very comprehensively and wa 


packed full of information of great interest 


to our members. Bill also reported on the 
activities of the Project Committee, of 
which he is chairman, and then introduced 
the speaker of the evening, Paul E. Jensen 
head of the Aruba Refinery Instrument D« 
partment. 

Paul’s talk was “Where is Instrumenta 
tion Headed?” He started off by saying 
that he was going to make some flat-footed 
statements since this was a broad subject 
and he was mainly interested in hearing 


the group put forth their opinions and ce 
velop a discussion. He got the desired re 
sults ! 


His talk covered the highlights of his 17 
vears’ experience in Aruba, In the early 
days he was one of the members of the 
original Instrument Department—when In 
strumentation was considered a sary 
nuisance. At that time man 
specialist on some particular type of equip 


nece 


each was a 


ment. As time went on, and more and more 
instruments and controllers were installed 
it began to be apparent that specialization 


was not going to be the best answer. About 
that time Harry Moore (now Delegate, 
New Jersey Section) appeared on the scen 
and reorganized the department: from then 
on there were no specialists—anybody went 
to work on any type of equipment and som: 


expert instrumentations were developed 
Now, however, according to Paul, many 
new types of instruments are being devel 
oped and installed, and it looks as thoug! 
we will again need specialists. He said he 
felt that there will eventually be Instru 
ment Engineering in the theoretical field 
and Instrumentation in the craft fleld and 
each will have its sub-branches, Electrical 
and Mechanical. The field is getting 
large and so complex that no one mar 
could be expected to know all about all 
types of equipment. Therefore, as his final 
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statement, Paul said that Instrumentation 
is Headed Towards Specialization again. 
When Paul had finished his very interest- 


ing talk, the ensuing discussion made the 
Clubhouse sound like the floor of Congress 
during the introduction of a particularl; 


hot bill. The discussion even carried over 
into the refreshment period provided by the 


Social and Recreation Committee, and the 
meeting did not break up until around 106 
p.m. 

At our next meeting on July 1, Mr. C. J. 
Griffin, Assistant Division Superintendent 
in charge of the Catalytic Department of 
the Aruba Refinery, will discuss “What is 


Expected of 
viewpoint of 


from the 


customer. 


Instrumentation” 
the operator or 


J. L. Lopez, Sec’y. 


BALTIMORE 
At the recent meeting of the Board of 
Governors of the Baltimore Section the fol- 
lowing members were elected to govern the 
activities of the Section for the coming 
1947-48 season, beginning in September: 
President—-Howard Halstead, Bethlehem 
Steel Co., Sparrows Point. 
Vice-President Edward P, Dempsey, 
Davison Chemical Co., Curtis Bay. 
Sec’y-Treas.—Felix Cox, Bethlehem Steel 
Co., Sparrows Point. 
Sergeant-at-Arms Frank 
Crown Cork & Seal Co. 
Governors: J. F. Maienshein, Brown 
strument Co., (Past President) 


Gregloit, 


In- 


R. D. Mariner, Manning, Maxwell & 
Moore. 

K. Miller, Davison Chemical Co., Curtis 
jay. : 


Thomas Coyle, Maryland Glass Co. 


Henry Wolbert, Standard Oil Co. of 
New Jersey 

R. Gilbert, E. I. du Pont de Nemours 
& Co,., Curtis Bay. 


Paul Donahue, Maryland Glass Co 


KENNETH R,. MILLER, Corr. 


CHICAGO 
and Committee 
1947-48 Season 
President—Stanley A. Gray, Minneapolis- 

Honeywell Regulator Co. 
Vice-President Ralph R. 
versal Oil Products Co. 
Treasurer—.. H, Cuthbert, 
Illinois Steel Corp, 
Secretary F. E. Ertsman, 
Wabash Chicago 
dress). 
Delegate Earl C. 
Harvester Co 
Executive Committee : 
R. R. Proctor (Past President) - 
Pure Oil Co. 
Cc. C. Hurst—Garden City 
Specia!ty Co. 
J. J. Burnett—The Foxboro Co. 


Officers Chairman for 


Siechen, Uni- 
Carnegie- 


3538 South 
(Section ad- 


Rieger, International 


The 


Engineering 


J. B. MeMahon Republic Flow Meters 
Co, 

D. S. Dickey—Murphy and Dickey. 

P. E. Cary International Harvester 
Co. 


Committee Chairmen 
Program—-W. R. Dressler, 
Illinois Steel Corp. 
Membership—J, H. Havens, 
Lonergan C« 
Employment—c. E. 
co Co., Inc. 
Technical Problems—A. M. Smeaton, 
Sanitary District of Chicago. 
Housing and Reception—W. A. Wilk- 
ening, Corn Products Refining Co. 


Carnegie- 
The J. E 


Brackenridge, Sar- 


“Events”—J. C. Hayes, Garden City 
Engineering Specialty Co. 
News Editor—R. R. Proctor, The Pure 
Oil Co 


Advertising Manager—oO, J. Lessa, Ring 
Balance Div. The Hagan Corp. 

Nominating—L. C. Laird, Corn Products 
Refining Co. 

1947 Conference Committee—H. E. Fer- 
guson, Peoples Gas Light & Coke Co. 
JOURNAL Correspondent — Miss Sylva 
Mae Dushkes, Askania Regulator Co. 

—S. A. Gray, Pres. 
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CLEVELAND 

The May meeting of the Cleveland 
tion, held at the Cleveland Engineering So- 
ciety on May 28th, was a memorable one 
because of the large attendance at the din- 
ner at 6:30 as well as at the meeting which 
followed at 8 o'clock, and the excellence of 
the talk by Mr. V. L. Parsegian of the C. J. 
Tagliabue Division of Portable Products 
Company on the subject of Thermocouple 
Methods of Temperature Measurement.” 

Before the general meeting there 
showing of a very interesting sound 
furnished by the Crane Company, showing 
the story of the pipe, valve and fitting busi- 
from the raw material stage to the 
finished product, emphasizing the carr nec- 
in design, manufacture, testing and 
research in order to produce a finished 
article of high excellence. 


Sec- 


was a 


ness 


essary 


Sam Bousky opened the gen- 
eral meeting by giving a brief outline of 
the progress of the Section over the past 
year, during which time it became a charter 
member of the Instrument Society of 
America, Reports were heard from the out- 
going officers and committee chairmen, and 
it was pointed out that the 1946 season 
started with a membership of only 54, 
which has now grown to a total of 128, a 
record of which we are justly proud. 

The new officers, elected at the March 
meeting, were introduced, and committee 
chairmen for the 1947-48 season were an- 
nounced and introduced. They as fol- 
lows: 


President 


are 


President—Samuel Bousky 
Vice-President—A,. A, Hejduk 
Secretary—Clark Joy 
Treasurer—J. Prada 
Committee Chairmen: 
Program — Marvin 
Carnegie 
Mempbership—A. J. McCullough 
Publicity—L. H. Waldrip 

Printing—Prof. Lawrence Siegel 

Employment—Mandel Estrin 

National Delegate—Harvey 

Reports were heard on the Spring Meet- 
ting in Cleveland, and announcements made 
regarding the 1947 Instrument Conference 
and Exhibit to be held in Chicago in Sep- 
tember. 

Mr. Parsegian’s talk, which was illus- 
trated by slides, was a gold mine of infor- 
mation on the theory and practice of tem- 
perature measurement by the thermocouple 
method, stressing the importance of care- 
ful selection of couple materials and their 
proper installation and calibration where 
high accuracy is desired, The paper and 
the lively discussion which followed were 
filled with many of the “do’s and don’ts” 
which, when known and observed, make 
precision temperature measurements pos- 
sible. 

This meeting closes the activities of the 
Cleveland Section until the first fall meet- 
ing scheduled for September 24th, the de- 
tails of which will be announced later. 

—L. H. WaALprip, Corr. 


Cleaton and G. 


Lee 


CUMBERLAND 

The Cumberland Section held its last 
dinner-technical meeting of the spring sea- 
son on Tuesday, May 27th, at the Queen 
City Hotel. 

The speaker for the evening was Mr. W. 
W. Winters, Manager of Sales and Adver- 
tising for Automatic Temperature Control 
Company, Inc. His subject was ‘Time Con- 
trols in Industry,” which proved very inter- 
esting and instructive to the 24 members 
and guests present at the meting. 

The next meeting will be held June 5th, 
at which time the newly elected officers 
will be installed, followed by a social eve- 
ning.—C. Bapsst, Sec’y. 


DETROIT 
Dr. M. H. Nichols of the University of 
Michigan's Research Center spoke on “Tele- 
metering Problems in Modern Flight Re- 
search” at the May meeting of the Detroit 
Section. He was introduced by Mr. Thomas 


film, 





American Instit 
technical 


the 
Sciences, 


Kelly of 
nautical 
the evening. 

The speaker gave a vivid 
the radio telemetering systems | 
studies of piloted, 
self-controlled aircraft 





remotely ¢ p 
and 











latter ranging in size from 
feet. & 
The systems described by * 


on a single radio be: 
inf & 


as pressu an | 


transmit 
as 24 channels of accurate 
ering such variables 
ture, strain, force and accelerat 

was particularly interesting b« i 
fered unusual bits of first-hand * 
dealing with the background ' 
planes and rockets tested, and le 
ence with a better understar 
difficulties and problems encount 








field: of research. 

The exhibit of the H. H. B 
pany was a working demonst: 
new Taco-West Veritron pyri 
troller which had been described 
signer, Mr. T. A. Cohen, at o 
meeting. 

At the business session pr: p 


meeting, chairman Gillig of the 
Committee reported on the elect 
cers for the 1947-48 season. Sinc: 





BR 





for president resulted in a tie 
election was held. Officers for t 
season are: 

President—Victor G. Raviolo, F M 


Company 
Vice-President—Clarence Kush! 
pion Spark Plug Company 
Secretary—Robert W. Gardner 
tor Company 
Treasurer—Siegmund Kulka, \ 
National Delegate - Jack R 
Brown Instrument Company. 
The last meeting of the season 
for Monday, June 23, will be a 
on “Pneumatic Brains—Key to Low 
High Quality Production” with a par 
speakers representing Micromatic H 
Monarch Machine Tool Co. and M 
ucts Co. This is to be a joint meeti: 
the Detroit chapter of the Ameri 
of Tool Engineers. The discussion w 
rected by Mr. L. B. Bellamy, cl} 
the Detroit chapter, A.S.T.E., who w 
as technical chairman of the evening 
June demonstration will feature Pr 
Comparator Gages by Moore Produ 
pany of Philadelphia, with Mess: 





Gambrill and F. W. Blanchette 
Plans are now being made fo: 
picnic with the Wayne County S 


be held soon.—SIEGMUND KULKA, ( 


NEW JERSEY 

The final regular meeting of t N 
Jersey section was held as schedule 
June 3. 

The meeting consisted of an _ insp¢r 
trip to the Bound Brook, New Jer 
of the Calco Chemical Division of the A 
ican Cyanamid Company. Mr. John Kk: 
their instrument maintenance super 
and a member of the New Jersey Sect 


of ISA, did an excellent job in organi: 
the inspection trip. The inspection tri) 
preceded by dinner in the Calco re 

at which time the guests were introd 
to the Production and Instrument § 
visors who had elected to act as guides 
the trip through the plant. After din: 
visitors, numbering better than 


dred and twenty, were divided int 
groups and conducted through th« 
Contact Sulphuric Acid, Nitric A 


Pharmaceutical plants where ever) 
able to observe the plant operati 
Instrumentation. 

Upon completion of the inspect 
the visitors gathered in the compa: 
torium for a question and answer | 
discuss what had been observed. 

All in all the evening was a « 
success both from the standpoint o 
cal knowledge gained and the excs 
ganization work performed by tl! 
personnel who are to be commende: 
efficient manner in which they har 
large group which attended. 
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vusly reported, this meeting was 





4 ne until October when we hope 
© to present for our membership 
nic interesting speakers. If our pres- 
pl materialize we hope to include 
ur Fall and Winter meetings 1 series 
mall exhibits from various instrument 
ufa wrers. These exhibits will provide 
members and guests the opportunity to 
fir hand knowledge of the manufac- 
rs ere recent developments in the 
of nstrumentation—H. M. McCartuy, 
NEW YORK 
e 50th meeting of the New York Sec- 


was held at the Men’s Faculty Club 
‘olumbia University on Monday, May 
4 very interesting talk on “Relays and 
by Circuits’ was presented by Mr, C. J. 
’ Engineer, C. P. Clare & Co, A brief 
ory of relay development preceded an 
anation of simple applications of relays. 
was followed by more complex cir- 
;, particularly counter chains and in- 
te sequence circuitings, such as in tele- 
e work. An explanation was given of 
hlems and designs of relays to give cer- 
desired results in order to permit this 
plved circuiting. 
he blackboard was used freely by the 
ker to illustrate various circuits, and a 
onstration was given of counter chain 
lieations. The question period which fol- 
ed was confined mainly to relay oper- 
n problems and possible solutions.— 
RLES D. Corey, Sec’y. 
j OAK RIDGE 
he regular June 3 meeting of the Oak 
ge Section featured Mr. Vernon D. 
Mick, Chief Engineer of the Freiz Instru- 
t Division, Bendix Aviation Corporation, 
timore, Md., as guest speaker. The din- 
portion of the meeting started at 7:00 
_ followed by the business and technical 
sting. Following the reading of the min- 
s of the last meeting and the report of 
Program Committee, it was announced 
t the two forum sessions held last month 
ld be conducted again this month at the 
vest of the persons attending. These 
pplementary meetings on specialized sub- 
ts are apparently worthwhile since much 
erest has been shown, as evidenced by 
attendance and the discussion at each 
the preceding ones. 
mMr. Hauck’s subject was ‘‘Radiosondes.” 
s very excellent talk, illustrated with 
jes and samples of radiosonde equipment, 
ned with a discussion of why it was nec- 
sary to gather upper air data. The 400 
ie and 72 me radiosondes were described, 
fith particular emphasis on the tempera- 
me sensitive resistor elements and the 
hv midity sensing elements. Mr. Hauck also 
scribed the ground station receiver with 
recorders and indicators, as well as the 
®cineering and construction details of in- 
uments sent up in the V-2 rockets for 
thering weather and flight data. 
Mr. Ralph E. Sturm of the Research De- 
rtment of the Bendix Aviation Corpora- 
kn Was a guest at the meeting, and as- 
ted in the demonstration and discussion 
several pieces of equipment which were 
ailable for inspection. 
The Program Committee dnnounced that 
le July meeting would be a forum session 
ith local members as speakers. P. S. Buck- 
of Monsanto Chemical Company will 
sak on “Gimmicks” ; D. M. Boyd of Mon- 
nto Chemical Company will speak on the 
oxbero D. C. Dynalog”’; and G. R. Jamie- 
n of Carbide and Carbon Chemicals Cor- 
bration will speak on “The Uses of Capil- 
ries for Measuring Small Flows.” 
The August meeting will feature a talk 
“Induction and Dielectric Heating” by a 
presentative of the Westinghouse Electric 
rporation,—C, W. Covey, Corr. 
PITTSBURGH 
The April meeting of the Pittsburgh Sec- 
m was held on Monday, April 28, in the 
ture hall of the Carnegie Library. After 
he regular dinner in the cafeteria, the 
embers enjoyed a short motion picture en- 
tled “Electronics at Work,” produced by 
estinghouse Corporation. A brief busi- 
8S meeting was held during which Secre- 
>uSany read the minutes of the pre- 


a 


vious meeting, Clark Fry gave a report on 
the state of the treasury, and Al Shafer, 
National Delegate made i report on the 
Spring Meeting of the Board of Directors 
in Cleveland. 

The subject “Automatic Proportioning of 
Gases and Liquids" was originally scheduled 
to be presented by Mr. B. J. Velten of 
Askania Regulator Company. However, Mr 
Velten was unable to attend and his place 
was taken by Mr. W. R. Pray of the same 
company. 

The last meeting of the Pittsburgh Se« 
tion for the current season was held Mon- 
day, May 26, at the Carnegie Library lec- 
ture hall. At the business meeting following 
dinner, Paul Exline, chairman of the Pro- 
gram Committee, suggested that the Sep- 
tember meeting consist of brief reports of 
the more important papers given at the An- 
nual Instrument Conference in Chicago 
For the October meeting it was suggested 
that a symposium be held on different 
phases of one of the following subjects: lab- 
oratory instrument problems, pressure mea 
surements, temperature measurement, prob- 
lems of calibration, steel mill instrumenia 
tion. It was requested that the members 
suggest the names of competent speakers to 
the Program Committee. 

Al Shafer gave a report on the progress 
of the Chicago show and said that the final 
program would be published soon 

Due to an error in printing, the annual 
ballots could not be sent out to the mem- 
bers in time; consequently the present offi- 
cers will maintain their positions until the 
end of next month. Corrected ballots will 
be mailed to the membership in the near 
future. 

At the suggestion of President San 
Prince, the membership moved to reserve 
a room at the Stevens Hotel in the name of 
the Pittsburgh Section for the duration of 
the Chicago Conference as a meeting piace 
and for the convenience of the Pittsburgh 
members, 

The subject for discussion for the eve- 
ning, ‘Time Controls in Industry,” was very 
ably presented by Mr. W. W. Winter of the 
Automatic Temperature Control Company 
of Philadelphia. After a brief question peri- 
od the meeting was adjourned.—A. G 
YOUNG, Corr? 

SOUTHERN MICHIGAN 

The Southern Michigan Section held its 
May 21st meeting at Chicken Charlie’s in 
Kaiamazoo, Fifty members and their guests 
attended. 

President Wade Allen called a short busi- 
ness meeting after the dinner at which de- 
tails of the Section’s election of officers 
were announced, Devere Curran of the 
Nominating Committee presented a _ pro- 
posed slate of officers for the coming year, 
which slate will be mailed to all Section 
members before the June meeting, at which 
time the election will be held. 

Herb Barnum, I.S.A. Vice-President, was 
a guest at the meeting. 

The subject “Electronic Mechanics of Py- 
rometry” was very ably discussed by Mr. 
Theodore A. Cohen, president of the Taco- 
West Corporation of Chicago. Mr. Cohen ex- 
plained, with blackboard sketches, the uses 
of the vacuum tube as a rectifier, an ai- 
plifier, and as a relay to control large volt- 
ages and currents. The various ways of 
changing the minute d.c. voltages from a 
thermocouple to a.c. so they can he ampli- 
fied were discussed in detail. Included wer 
synchronous motor-driven rotary contacts, 
vibrators, synchronous vibrators, rotar con- 
densers, saturable core reactors, meter re 
lays, and electronic oscillators. The ad- 
vantages and disadvantages of each were 
discussed, and the speaker concluded with 
a description of the new Taco-West Veri- 
tron pyrometer controller, of which he is 
the designer. 

The talk was followed by a lively ques- 
tion and answer period.—KEN MEAD, Cor 
SOUTH TEXAS 
The South Texas Section presented Mr. 
F. C. Brandt of the Minneapolis-Honeywell 
Regulator Company as guest speaker at the 
June 2nd meeting. Mr. Brandt proved in- 
teresting and informative, presenting a talk 
on “Air Conditioning” and giving a prac- 


tical demonstration of some of the nt 
units used in this field 


On June 26 the Section will present Mr 
Lyle Eige of the Fisher Governor Company 
Marshalltown, Iowa. This meeting will be 
held in conjunction with the Sout! lex 
Engineering Society, is hi lectur n 
“Characteristics of Regulators will b f 
interest to both societie Refreshments w 
be in order at the close of the meetin 

Much credit for the serie if inter 
meetings we have had must 5 to M LG 
Pratt, our Program Committee C) rman 
For our pext meeting, scheduled for earls 
in July, tentative plans have been made for 
a barbecue, to be held at the L Clorta 
Corporation in Falfurrias, Texas BEULAH 





M. SMITH, Con 
TENNESSEE 

The Tennessee Section held its annual 
business meeting on May 14 at the Kins 
port Inn. A dinner at 7 p.m. was attended 
by a majority of members, with the busi 
ness meeting following 

Retiring President J. T. Elder called the 
meeting to order, and the activities of the 
past year were covered in a report by re 
tiring Secretary F. H. Thiele, Jr. Mr. A. W 
Bright gave the treasurer’s report, and t 
the members’ surprise the Section is com 
pletely solvent 

The following officers were elected for the 
coming year 

President—F. H. Thiele, Jr Tennessee ' 
Eastman Corp 

Ist Vice-President—J. H. Rion, Tennesse« 
Eastman Corp. 


2nd Vice-President—Robert Paris, Ameri 
can Bemberg Corp. 

Secretary L, W Thayer, Tennessee 
Kastman Corp 

Treasurer \ W Bright, Tennessee 
Eastman Corp 

JOURNAL Correspondent J. D. Barnes 
Tennessee Eastman Corp. 

\ committee was appointed to draft a let 


ter to the National Office in an attempt to 

clear up the question of membership in the 

Section. All members took an active part 

in the discussion of several questions, and 

it was agreed that the June meeting would P 
be held as an annual outing at the Ten- 

nessee Eastman Cabin Grounds. This is to 

be the last meeting until fallL—L. W ' 
THAYER, Sec’y 


WASHINGTON | 

The May meeting of the Washington Sec | 
tion was held Monday, May 19, at 8:00 ‘ 
P.M. in the Pepco Auditorium | 
Because of the efforts of our publicity ' 
chairman and the general interest in ou | 
topic, “Railroadin’"’, we are pleased to an | 
nounce that we surpassed all previous re« i 


ords with 173 in attendance 

The saga of railroading portrayed in a 
30 minute technicolor movie was shown 
first so that those interested only in the 
movie could leave early. To our surprise 
most of the people stayed for the main fea 
ture of the evening, a talk on railroading 
entitled “Instrument Applications in Rail 
road Signaling,” given by Mr. George W 


Baughman, Chief Engineer, Union Switch 
and Signal Construction Company 
Mr. jaughman’s talk, illustrated witl 
slides, covered railroad signaling device 
from their infancy to the present day 
The talk which brought to light many 
factors of railroad signaling not common! 
known aroused much interest in the mixed | 
group as evidenced by their attention to the 
talk and their many questions.—G M 


ROLLS, Corr. 
WAYNE COUNTY 
The Wayne County Section met on Mon 
day, June 16. The program for the evening 
was an inspection trip through the Blast 


Furnace Division of the Great Lake Steel j 

Corporation. 
Approximately 35 member ind uest 

enjoyed a very interesting trip seeing the 

many items of interest including the b t 

furnaces, coke ovens, instruments and cor 


trols. Our thanks go to the management of 
the Blast Furnace Division and to W. R 
Tate and his associates for the effort spent 
in making this trip a 1eCe W G 
BAKER, Cor? 
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Who’s Who in the I. 


ALBERT F. SPERRY 
Past-President, Member of Executive 
Committee, Chairman of National 

Veetings Committee) 


The first president of the Instrument So 
ciety of America, “Al” Sperry proved to be 
i natural organizer and was instrumental 


in ironing out a great 
many of the organ- 
izational difficulties 
during his term of 
office ending last 
September (1946). 
As chairman of the 
National Meetings 
Committee, he is re- 
sponsible for the 
sub-committees and 
many of the details 
of the 1947 Confer- 
ence and Exhibit to 
be held in Chicago 
this coming Septem 
ber 8-12. 

Al was graduated 
from Rensselaer 
Institute in 1923 with a degree 
ingineering. Being the son of 
Spit«glass, inventor of the first 
electric flow meter, Al was very much in- 
terested in flow control, and he eventually 
found himself working for Republic Flow 
Meters Company in Chicago. Sometime dur- 
ing the 1930's he was made Vice- President 
in charge of Engineering for Republic, and 
had begun to make a name for himself as 
an inventor in the automatic control field. 
(He has approximately 50 patents in this 
field at present. 


In 1917 
Consulting 





Polytechnic 
in Electrical 


Jacob M. 


Al branched out on his own as a 
Engineer. He was a General] 
Consultant, specializing to some extent in 
Power Plants till 1940. At that time he 
narrowed down the field considerably, spe- 
cializing in instrumentation and control 
problems, and serving as engineering ex- 
pert in connection with patent litigation on 
control apparatus, While he is still engaged 
consulting work, recently be- 


in some he 


President of Pannellit, Inc., manufac- 


came 
turers of Central Control Units for the 
chemical industries. 

Besides being a member of the Chicago 


Section of the LS.A. and Past-President of 
the National Society, Al is a member of the 
American Institute of Electrical Engineers 
and of the American Society of Mechanical 
Engineers. In the latter he is chairman of 


the Committee on Theory of the Industrial 
Instruments and Regulators Division, and 
Secretary of the Committee on Automatic 


Regulation Theory, Special Research Com 


mittee. In addition, he is a Registered Pro- 


fessional Engineer in the States of lowa, 
Michigan and Illinois, 

Al is married and has two daughters, 
both now enrolled at the University of 


Chicago. His hobbies include piano playing 
(and he's very good at it, too) and, of all 
things, Automatic Control Theory. He is the 
author of numerous publications in this 
field, some of them under the name of 
Spitgglass, and all of them authoritative. 


Because of his many contacts and his or- 
ganizing ability, Al was able to steer the 
LS.A, through its first year with flying 


colors, and turn over a going concern to his 


successor, C. O. Fairchild. For this, the So- 
owes a vote of thanks and apprecia- 


Al Sperry for a tough job well done. 


clety 
tion to 





RIMBACH 


Secretary) 


RICHARD 
Executive 
“Dick” 
the 
man in 


Rimbach is 
instrument 
the LS.A. 


Richard 
well known in 
any other one 
tivities in this field, well as in others, 
are many and varied. As organizer and 
publisher of INSTRUMENTS magazine and 
THE INSTRUMENT MAKER, Dick was 
active in the organization of many local 
Instrument Societies, and was a member of 
most of these groups before the Instrument 
Society of America organized. He also 
organized the first Gibson Island AAAS In- 
strument Conference, and was a member 
of the committee under the chairmanship of 
Al Shafer (appointed by R. J. S. Pigott) to 
invite the local Instrument Societies to a 
meeting to discuss the organization or a 
national instrument society. 


probably 
industry 
His 


as 
as 
ac- 


as 


as 


Dick was born in 
New York City on De- 
cember 24, 1895. His 
education includes 

B. S. degrees from 
both M.1.T. and Har- 
vard, and his listings 
in ‘Who’s Who in 





Engineering 1947” 
and “American Men 
of Science 1944” re- 
veal the following 
highlights of his 
career : 

Metallurgist, Illi- 
nois Steel Co., 1916 
Director of Research 
Standard Steel Car 


Foreman, Jones & Laughlin 
Steel Corp., 1923; Research Engineer, Union 
Switch & Signal Co., 1924-25; Consulting 
Engineer, Bacharach Industrial Instrument 
Co., 1926-27; Managing Editdr INSTRU- 
MENTS Magazine, 1928 to date; Consult- 
ing Editor of METALS & ALLOYS, 1929-36, 
and CORROSION & MATERIAL PROTEC- 
TION, 1944: Licensed Professional Engi- 
neer, Pennsylvania. During the late war 
Dick was in charge of the Research In- 
formation Section, War Metallurgy Com- 
mittee, and Advisor to both the U. S. Army 


Co., 1920-22; 


Engineer Board and the Electrical Instru- 
ment Section of the War Production Board. 
In addition he was for a time Technical 
Advisor to the Standard Steel Spring Com- 
pany, and an Instructor in Metallurgy 
(night school) at Carnegie Institute of 


Technology. 
of Dick's 
membership in the 


other activities includes 
Instrument Industry 
Advisory Committee, Industrial College of 
the Armed Forces, LS.A., A.S.M.E., A.C.S., 
A.S.T.M., A.S.M., Elecirochemical Society, 
American Electroplaters Society, National 
Association of Corrosion Engineers, Cor- 
rosion Forum and Material Handling So- 
ciety. He is the author of “How to Find 
Metallurgical Information” and the trans- 
lator of a number of German technical 
books. 

In addition to being Executive Secretary 
of the 1LS.A., Dick is active in other phases 
of the organization, being manager of the 
Instrument Exhibit, chairman of the Mem- 
bership Committee, secretary of the Public 


Some 


5. A. 


telations Committee, and a 
Executive Committee, the |] 
mittee, the Meetings Comm 
Publications Committee. 
Despite the tremendous an 
demanded by his many activiti 
finds time to enjoy his fami 
in Perrysville, just outside of 
Here he “relaxes” occasiona! 
wife, Martha, and their thr 
tichard Jr., Martha and Gret 
LAWRENCE F. PARACH IN) 


(Chairman, Sub-Committee (of 





Committee) on Electrical Inst 
Many of the readers of this ; 
learn a lot more about “Larry” | 
at the 1947 Conference and xhit 
Chicago Sept 
8-12. As Manag, 
Educati i] 
Public Utility « 
for Weston Elem 
cal Instrument 
poration, Ney 
New Jers L 
was the 
choice as h 
of the Electri: 
struments Sub 
mittee of the Is 
Educational ¢ 
tee, and as su 
will be an act 
participant j; 
short courses t 
offered at the Conference this yea; 
Larry was graduated from th News 


College of Engineering in 1932 with aB 
degree in Electrical Engineering, and } 
been associated with Weston almost 
tinuously since that time. He is a me 
of the New Jersey Section of the L.S.A 
American Institute of Electrical Engin: 
Newark Technical School Fraternity. \ 
ark Athletic Club, and Tau Beta Pi. H 
well known as a speaker, having Lppe 
before many Sections of the LS.A. dy 
the past two or three years, the Instru: 
tation Conference at Carnegie Tech ir 
and in the short courses on electrica 
struments at the 1946 Instrumentatio: 
Tomorrow Conference in Pittsburg! 
September. Ee 





Larry is married and has two chi 
Lawrence F., Jr., (10) and Patricia 
His hobbies include photography, radi 








sports. The Parachini residence is a 
Chestnut Street, Nutley, N. J. i] 
Look for Larry at the Chicago Condi 


ence where he will be in charge of the | 
trical Instruments School Sessions at 
Stevens Hotel at 9 a.m. and 2 pn 
Tuesday and Wednesday, Sept. 9 and | 





DR. TEARE RECEIVES 
WESTINGHOUSE PRIZE ; 

The George Westinghouse Award { 
tinguished contributions to engineering ' 
cation has been bestowed upon Dr. Bb 
Teare by the American Society fo: 
neering Education. 

Teare is known to all ISA 
chairman of the Society’s Educati 
mittee. He is head of the Depart 
Electrical Engineering and Buhl Prot 
at the Carnegie Institute of Techr g 


he 


mer 





Plan Now 1947 


To Attend 


September 8-12, 1947 


S. A. CONFERENCE AND EXHIBIT 


Stevens Hotel, Chicago 
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this en GOW-MAC units provide a rapid, accu- 
“rry Par rate and very inexpensive means of ob- 
and xhit serving gases by the well-known thermal 
Pago Sept, conductivity method. They require no 
As Mana special instruments, only standard acces- 
AE ate sories found in any laboratory or instru- 
oy ees ment department. 
Westor "Raed Typical applications include special at- 
Instrum. ar mospheres, gas synthesis, inert gas genera- 
tho oa tion and distribution, efficiency of internal 
j ine New f combustion engines 7 furnaces and 
owency, SANDS 0 wherever hydrogen and CO: are found 
the log THOU C NITS Units may be used with indicating, re- 
as chair GOW-MA U cording and controlling instruments. Ex- 
e Electri; ore performing vor. tremely adaptable to gas flow needs. 
entea analysis : . 
ents Sub aso in lebo- Special features of construction result in 
B Of the 1s rotories, petroleum high sensitivity, excellent stability and 
itional Co; refineries, circroft long life relatively unaffected by vibra- 
ete ; . ical tion or ambient change. All cetls are 
i ur corriers, chemico' . : 
be an , plonts ond process tested at 10 psi before shipment. Parts 
icipar e industries. Write are precision machined and assembled 
‘oatohdloe ; without the use of glass or cement. 
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Accurate humidity read- 
ings for air conditioning, 
etc. Aluminum frame with 
pivot handle. Comes com- 
plete with extra wicking 


\ward for 
rineering ¢ 
on Dr. B 


tty for Ex 


and dropper-equipped bot- 
tle for applying distilled 
. members water. 
ucation C 
epartinent 
uhl Prof 
echn 


1H-B INSTRUMENT Co. 


2518 NORTH BROAD STREET, PHILA. 32, PA. 





HARDWICK, HINDLE 


inkle Wound 
Resistor 





UR CRINKLE WOUND resistors are designed espe- 
0.;:1; ‘for relatively low value of resistance 
with a high current carrying capacity. 

They fall within the classification of bare re- 
sistors by NEMA and Underwriters’ regulations, 
permitting operations at a temperature rise of 
350 degrees C. 

The ribbon of resistance alloy is wound on edge 
upon the refractory tube—the ends braised to 
heavy copper terminals, A vitreous enamel cover- 
ing anchors the turns securely and prevents move- 
ment. The result is an unusually large area for 
heat dissipation. 

Units with intermediate taps are available. 
There are 5 sizes: 155 to 420 watts, from .125 to 
20.0 ohms 

Hardwick, Hindle resistors and rheostats offer 
many exclusive advantages. We ask you to give 
our engineers an opportunity to discuss your 
specific requirements. 


HARDWICK, HINDLE, wc. 
Rheostats and Resistors 
Division of 


THE NATIONAL LOCK WASHER COMPANY 
NEWARK 5,N. J. Established 1886 U.S. A. 
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AKRON INSTRUMENT SOCIETY 

The last regular meeting of the 1946-47 
eason was held at Spindler’s Inn, Cuha- 
hoga Falls, O., on Tuesday, May 27th 
President Stanley T Wepsic opened the 
brief business session after some oUVU mem 
bers and guests had disposed of consider- 
ible quantities of chicken, etc. 

Past President C. B. Luther introduced 
V. J. Parsegian, who spoke on “Pyrometry 

Electrical Methods in Temperature Mea 
surements,”” High accuracy may be coupled 
with high response speed if the extra ex- 
pense is justified, he explained, then dis- 
cussed the world-wide primary and second- 
ary standards of temperature. The subject 
of thermocouples and their manufacture in- 
terested Society members so much that 
most of the time remaining was spent in 
questions and answers on making up cou- 
ples, testing wire, effects of introducing 
other metals, effect of temperature gradi- 
ents, etc. 

Members and friends present agreed that 
this was one of the best meetings yet. We 
hope to have Mr. Parsegian back again to 
resume his interesting discussion. 

Frep ApPeEL, Jr., Secretary 
AISS PICKS PITTSBURGH 

The annual meeting of the Association of 
Iron and Steel Engineers will be held at 
Hotel William Penn, Pittsburgh, on Sep- 
tember 22, 23, 24 and 25, 1947. 


E. G. BAILEY TO HEAD ASME IN 1948 

The 1947-1948 president of The American 
Society of Mechanical Engineers will be 
EK. G. Bailey, New York, vice president of 
The Babcock and Wilcox Co., founder in 
1916 of the Bailey Meter Co. and its presi- 
dent until 1944 when he became chairman 
of its board. “E. G.” was the only nominee 
for the presidency at the Semi-annual Meet- 
ing, Chicago, June 15-19. 

Among his inventions are fluid meters, 
boiler meters, automatic combustion con- 
trollers, as well as boilers and furnaces. He 
is the author of many technical papers. 

MAINTENANCE OF TEMPERATURE 

INSTRUMENTS 

Instrumentation in steel industrial units 
has made rapid advances during the past 
decade. Today the Instrument Department 
finds its facilities projected into every phase 
of the production picture. So stated H. C. 
Morrow, Test and Meter Repairs, Power 
and Fuel Div. of Carnegie-Illinois’ Gary 
Sheet and Tin Mill, before the Association 
of Iron and Steel Engineers in Chicago. 

In the Department's works at the Gary 
Sheet and Tin Mill, we constantly find new 
highly-practical applications for instrumen- 
tation and, in many instances, the use of 
1 given type of equipment for one purpose 
in turn gives rise to several other types of 
equipment in the solution of a single prob- 
lem—or results in the application of such 
a development to other manufacturing con- 
ditions. 

Numerous quality, yield and production 
rate problems, long known to both super- 
vision and employee personnel, have been 
solved through instrumentation. The chief 
factor im this is the ability of the instru- 
ment to point out the precise location of 
difficulties which often are hidden in the 
equipment or process under study. It follows 
that the instrument utilized in detecting the 
difficulty may not be identical with that 
1dopted for final correction, 

In operation, the servicing and mainte- 
nance of all instruments is predicated upon 
the availability of precision checking equir- 
ment; therefore, in the shop a Type K pre- 
cision potentiometer with a Bureau of 
Standards certified standard cell and stand- 
ard thermocouples are maintained as the 
plant standard for all measurements and 
calibrations. As auxiliaries, for both shop 
und fleld work, a battery of eleven portable 
potentiometers of various ranges and ther- 
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mocouple types are maintained, in addition complete inspection of all eq 
to Wheatstone bridges, circuit analyzers, his supervision, replaces chart 
tube testers, voltmeters, ammeters, etc. standardizes instruments, et 
Major shop activities consist of the re- items requiring further atte: 
building, repair and servicing of relays, mo turns to them upon complet 
tors, meters, and such instrument units as_ spection, or notifies the instr 
may require recalibrating, range changing, who, in turn, assigns the worl 


ete., not feasible in the field. men. These men determine y 
Each shipment of thermocouple wire re- the equipment can be service 
ceived at Gary Sheet and Tin Mill, irre- or must be returned to the s} 


spective of its intended application, is routed ter is decided upon, they must 
directly to the shop for standard accuracy porary controls in order that 
analysis. The importance of this precaution work will not be interrupted 
may be realized when it is considered that man is responsible for the « 
more than 1000 thermocouples, varying from installation, from primary elk 
15” to 28 feet in length, are fabricated, final control valve. Twenty-t 
tested and installed in production use strument service, seven days 
monthly in our plant. available to any division. 

As another major responsibility of this Certain fundamentals must |} 
shop, the maintenance and calibrating of for effective temperature in 
optical pyrometer units is accomplished with control instrumentation. These 
the aid of a check set embodying a 0.001 high-precision equipment in an) 
standard shunt and flat filament lamp, fur- plication; (2) “engineering” ar 
nished and recalibrated at regular intervals ment or control installation to 
by the U. S. Steel Corp. Research Labora- conditions of the job; (3) abs: 
tory. A system of stated interval checking ence to a proved plan for inst 
of all optical units is in operation. Cali- operation; (4) close liaison bet 
bration and adjustment of radiation tubes ating Department personnel and 
is also accomplished at regular intervals. ment Department to develop b: 

For instrumentation service, the operat- standing of instruments, their 
ing divisions are grouped into five sections, and benefits: (5) willingness of 
with one or two service men in each, de- manufacturers to codperate in al 
pending upon its size, amount of equipment, established requirements and t 
ete. Daily, the service man first makes a ment of specific applications 
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ot inet 
DROP HAMMER 
DEPT. 
——> 


—_—_ 
















\\\ 





BUT- You CAN'T 
EXPECT THEM To 
BE ACCURATE WITH- 









WHADYAMEAN SHOCK 
MOUNTING// ALL THEY 
NEED i$ ADJUSTING 
— BY SOMEONE WHO 
_ so KNOWS WHAT 

= H&'s DOING! 















Instruments pays $5.00 for each idea used. Sender’s name and company affiliation will b 
edged in the cartoon unless we are specifically requested not to do so. 
Address Cartoon Dep't, Instruments, 1125 Wolfendale St., Pittsburgh 12, Pa. 
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U. S. Radium Luminescent Dials 
enable pilots to see better 





Pilots of the new super-airliners have plenty of instruments to read! To 
make the dials as legible as possible . . . and especially to eliminate glare 


| i at night . . . commercial airlines specify that all letters, numerals, and 


. ‘ < : graduations on scales must be self-luminous. 
| fF Leading aircraft-instrument makers 










| To meet this specification with assurance of full satisfaction, leading i 
| F choose U. S. Radium dials because of aircraft-instrument manufacturers use U. S. Radium dials and pointers. j 
- bright, long-lived luminescence The bright self-luminous markings — precisely applied — are easy to read 
and accurate markings in daylight, artificial light, or darkness. 
‘i 
. y| Above you see one of four types of indica- . eee a ven <a eee | 
7 ‘tors, equipped with U. S. Radium dials, U. S. Radium is producing dials for a wide variety of instruments and 
E which are supplied with the Simmonds timepieces — using long-lived luminescent materials in a range of brilliant, 
: standardized colors. 
| Pacitor Gauge — a highly reliable, The services which U. S. Radium offers you include (1) designing dials 
€.! ‘electronic fuel gauge manufactured by for luminescence; (2) start-to-finish production of luminescent dials, point- 
{7 Simmonds Aerocessories Inc., New York, ers, or other components; (3) application of self-luminous, fluorescent, or | 
e” end currently being installed in Douglas paar pte existing _— ( 1) Seeencion orig 00k peeehe 
nonluminescent dials. To find out how any of these services may increase 
‘ DC-6, Lockheed Constellation, Consoli- the utility, accuracy, or saleability of your instruments, write to Dept. /3, 





| dated Vultee 240, and other aircraft. U. S. Radium Corp., 535 Pearl St., New York 7, N. Y. 


—” eS es 
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Made by the world far 
precision instrument 
Roch, this Etalon Cali; 
of the finest rustless 
steel with extreme ac 
in design. construction 
ngs. It is an all-pury 
with precision locking 
a capacity of 7 inche 
Models also available) 











SPECIAL 
FEATURES 


MARSHALLTOWN : 1, Combination inside 
Figure 83 is a very and outside measure- 


Extremely sharp } 
increase accurac 
while careful ins 
every instrume« 
shipment elim 
danger of error 





sensitive instrument utilizing a diaphragm for ment with knife edges. ‘a 
. . a i ded { Convenient depth gauge The Calips 
pressure communication, and is recommended for ree ie tag ~ pyc tt plied with 





extremely low pressure service. on same vernier. ee ting leather 
. , we lined case 
The following standard dials reading in inches &e a a of stain- \ 
. ” ” ” ® ” ess tempered steel. 
of water are available—0-15 , 0-30, 0-60, 0-100', 
0-150” 8. Readings in 1/1000th inch, In- 
struments supplied with metric 
Ounce graduated dials can also be supplied in = English reading or English 
ony. 





a range from 16 ounces to five pounds. 
4. Quick acting precision lock by simple 








It is available in the 2%", 3%", and 4%” dial thumb screw. y 
sizes and mounted in 8 black enameled, deep steel 5. Swiss craftsmanship gives instrument ot! 
case. Write for details and price. the precision and accuracy of a fins 


watch. \ pr 
MARSHALLTOUIN cctiin cus ct to mos X | 


complete lines of indicating pressure gauges—there is a WRITE FOR NAME OF LOCAL DISTRIBUTOs 


Marshalltown gauge for ever urpose an ressure. 
mae tanh tg ay PARK SALES COMPANY 
Marshalltown Mfg. Co., Marshalltown, lowa 417 CANAL STREET, NEW YORK 13, N. Y. 











nous dial for use in dark rooms. A 
bly Products, Inc., Chagrin Falls 

9 0-338 Valwe Position Indicators. 

rs | nN u Pe | & page 8%” X 11” Ca.alog F pictu 8 

describes maker's line of dial-ind 


handwheels, valve position’ ind 





and high-lift v-port hand reg 4 

N ° valves Tejax Engineering Cor in 
W ] Allens Ave., Providence, R. I 4 

eC e O-339 Instruments for Testing Petro-9 

leum Products. 40-page 81” x 11’ Pe 

log No. 699G pictures and des én 

maker’s line of standardized instrumer ‘ 


In this department we report new literature pertaining to Instrumentation, received from the for testing petroleum products, in‘ 
also laboratory thermometers a1 
drometers. C. J. Tagliabue Div., Pa 
them. Use the Postage-free Order Card on page 657. Nostrand Aves., Brooklyn 5, N. Y 


manufacturers. We urge readers to request ONLY those bulletins which will be of value to 


0-340 Rotameters. 24-page 8} 
Catalog Section 25-E pictures as 
scribes “Series 700 Flowrators” for mé« 

O-329 Speed Indicators, 4-page 8%” xX the use of “Megger” instruments. James uring flow rates of liquids and 
11” Bulletin pictures and describes G. Biddle Co., 1316 Arch St., Philadelphia Fisher & Porter Co., Dept. 5C, H 





oro 


maker's line of electric tachometers for 7, Pa. Pa. 
engine and industrial applications West- 0-334 D-e, Selsyn Application Data. 20- O-341 Draft Gages. 20-page 8%” 
ae arene m 0., bode Onarga Ave., page 8%” x 11” Bulletin GET-1304 Ppice- Bulletin 46-667 pictures and des 8 
al oi, tures and describes maker’s d-c. Selsyn maker's line of pointer-type draft gag ’ 
0-330 Anti-capacitance Switehes. position-indicating equipment originally for indicating and recording 4d q 
Single sheet 8%” X 11” pictures and designed for aircraft and suggests in- pressures, differentials and temper tu 
describes maker's anti-capacitance dustrial applications. General Electric The Hays Corp., Michigan City, Ir ti 
Sannaan Seiten teen uae montero. as ADERSTe Dept., Schenectady, N. ¥ 0-342 “General Radio Experimenter” Bi 
ae oa + r ’ 0-335 Temperature-measuring Acces- 8-page 6 x 9 Vol. 21 No. 11 of t 4 
, sories. 28-page 8% x 11” catalog pic- house organ is devoted to an tr 
O-331 Automatic Inspection System. 6- tures and describes maker’s thermo- describing a wide-frequency-rang : 
page 8%” X 11” Bulletin pictures and couples, protection tubes, lead wires, pacitance bridge. General Radio C: i 
describes the “Limitron” automatic in- quick-coupling connectors, pyrometers, Massachusetts Ave., Cambridge 39, M r 
spection system for inspecting small industrial furnaces, etc. Thermo Electric 0-343 Engine-testing Dynamometer mn 
parts up to 7000 pieces per hour. Arma Co., Fair Lawn, N. J. 4-page 8%” xX 11” Bulletin MD- w 
Corp., 254 36th St., Brooklyn 32, N. Y. 0-336 “The Oscillographer.” 12-page tures and describes maker’s univers3 


200 - 


O-332 Accessories for Wear-testing 6” xX 9” Vol. 8 No. 3 of this house organ type engine testing dynamomete! 
Machine. 12-page 8%” xX 11” Bulletin is devoted to an article, “Uses of the motoring directly from an a-c 
No, 4702 pictures and describes a line of Cathode-ray Oscillograph in Transmitter Dynamatic Corp., 8307 14th 
accessories for use with the “Taber Adjustment and Control,” by S. H. Kenosha, Wis. 


ep a ae 


Goundry St., North Tonawanda, N. Y. Coombs. Allen B. Du Mont Laboratories, 0-344 “The Ohmite News.” 2-pagé 
Abraser.” Taber Instrument Corp., 111 Inc., 2 Main Ave., Passaic, N. J. x 11” April 1947 inane of this 
0.333 “Biddle Instrument News.” 4- O-337 Electronic Timer. 4-page 34” x organ contains an article on the u 
page 8%” X 11” Vol. 3 No. 1 of this 6” Bulletin pictures and describes the maker's rheostats for controls ir 
house organ contains several articles on “Lumidial” electronic timer with lumi-_ direct-reading transconductance 
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o technical education is 
seeded to operate the elec- 
B onic Steinlite. The main 
Mhings to be done are (1) turn 
Me, a switch, (2) weigh a small 
Bmple, (3) pour sample into 
Bopper, (4) read a dial, (5) get 
Mercentage of moisture by 
pmparing dial reading with chart. 
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s test in one minute 


Steinlite is accurate and reliable... 










prompt shipment. 











to Make Moisture Tests 


Steinlite 


—— a 





re done very quickly. Numerous users report making 


@ificial over methods. Tests moisture content of de- 
Bydrated foods, cocoa, grains, feeds, nuts and a host of 
@ther products. Sold on free trial basis. Available for 


owe 4 


These operations 


calibrated against 


744 CONVERSE 
BUILDING 
CHICAGO 6, 
ILLINOIS 








Mfg. 
t., Chicago 44, Ill. 
0-345 “Electronic - Pneumatic -Mechan- 


fester. Ohmite Co., 4835 Flournoy 


al Instrumentation.” 32-page 8%” 11” 
ol. 2 No. 5 of this house organ contains 
several articles including “Locke In- 
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ulator Makes Wide Use of Industrial 
astruments” by C. W. Bowden, Jr., and 
*Progress in Oil Refinery Instrumenta- 
ion Through Electronics” by J A 
Pelletere. Brown Instrument Co., Wayne 
nd Roberts_Aves., Philadelphia 44, Pa. 
0-346 Feed Regulator. 4-page 8%” x 
1” Technical Bulletin No. 7 pictures and 
escribes maker's automatic feed regu- 
ator for mechanical and vibratory feed- 
rs on pulverizers and other processing 
@auipment, Mosher Electronic Controls, 
30 W. 42nd St., New York 18, N. Y. 

0-347 “The C-D Capacitor.” 16-page 
by” xX 7%” Vol. 12 No. 3 of this house 
brgan contains an article, “Audio Ampli- 


Mer Equalization Methods.” Cornell- 
Dubilier Electric Co., Hamilton Blvd., 
South Plainfield, N. J. 

0-348 Electrical Instrument Repair 


Tools. 4-page 8%” x 11” bulletin pic- 
ures and describes maker's line of spe- 
ial tools for the repair and assembly of 
blectrical instruments. Ideal Laboratory 
Tool and Supply Co., 3619 Evans Ave., 
Pheyenne, Wyo. 

O-349 Recording Instruments for Tem- 
perature and Pressure. 24-page 814” x 11” 
patalog No. 1210A pictures and describes 
maker's line of recording instruments 
with 9”, 10” and 12” charts. Temperature 


eistruments cover mercury - actuated, 


Fapor-tension 
Pressure 
D ti §” 


and gas-filled. Range of 
instruments covers less than 
Water vacuum or pressure to 4001 
pressure and up. C. J. Tagliabue Mfg. 
0, Park & Nostrand Aves., Brooklyn 5, 


0-350 Miere Match, 8-page 6” x 9%” 
tin pictures and describes the theory 
peration of this instrument for meas- 








\\' 


Gi clohm| 


This new Cyclohm 29 Size has no equal as a syn- 
chronous, capacitor type motor for recording, tape 
pulling, facsimile work and other jobs which require 
a quiet, smooth, vibrationless motor. Internal 
rotor slots permit a higher starting torque and a 
quieter performance. Substantial cap seats, turned 
in the frame and end caps, ensure perfect rigidity, 
accurate bearing alignment, uniform air gap, and a 
vibration-free motor. Supplied with either ball bear- 
ings or sleeve bearings - 
and 1/50 horsepower, 1800 r.p.m., 115 volts, 60 
cycles. Write for complete information. 





SYNCHRONOUS 


CAPACITOR TYPE 


in ratings of 1/100, 1/75 


CYCLOHM MOTOR CORP. 


5-17 46th Road, Long Island City 1, N.Y. 


RATION FREE! 
1g WWBRATION 





uring Standing WAVE ratio ind ! 
powel! M. C. Jones Electronic Co Ss ON 
Main St., Bristol, Conn 

O-351 Instruments for Industrial Labo- 
ratories. 2-page 91,” 14” wall chart 
covers the characteristics of fifteer 
laboratory instruments \ diagram ac- 
companies each to show the basi ul 
rangement. North American Philips C 
100 East 42nd St., New York 17, N. Y 

O-352 “Tong Test” Ammeter, 6-pag: 
8144” kK 11” bulletin pictures and de- 
scribes instrument for reading current 
without breaking the circuit, scraping 
the insulation or touching the conduc 
tor Columbia Electric Mfg Co., 4519 
Hamilton Ave., Cleveland 14, Ohio 

0-353 Tube Checker. 4-page 84%” x 11” 
bulletin pictures and describes new tube 


checker that meets AURMA Standards 
and tests the tubes for filament continu- 
ity, heater cathode leakage, open ele 
ments, shorted elements and quality of 
emission. General Electric Co., Ele 
tronic Dept., Syracuse, N. Y 

0-354 Feed Water Regulator. 8-pagé 
8144” X11” Bulletin No. 471 pictures, dia- 
grams and describes “Copes Type T’ 


regulator available as a single-element 


unit for simple level control or as a two- 


element “Flowmatic Control.” Northern 
Equipment Co., Erie, Pa 
0-355 Dehydrator. 24-page 8%” a” 


booklet pictures, diagrams and describes 
the “Lectrodryer’ for dehydrating 
and other in many industries such 


gases 


as oil and gas, dry-ice manufacture, heat 
treating, chemical processes, etc. Pitts- 
burgh Lectrodryer Corp., P. O. Box 1766, 
Pittsburgh, Pa 

0-356 Deeade Sealing Unit. 4-page 
8144” x 11” bulletin pictures and de- 
scribes instrument for application in 
nuclear research, radioactivity, mass 
spectrography, timing, calculating ma- 


and counting rapidly-recurring 


chines 


p n n G 1 E ( [ 
I t t Dep Syvi N. ¥ 

O “General Radio Experimenter.” 
S-page x ¥ 21 No 12 f ti 
nou gan lé ed to ( ! 
Err + n Capacitan Measuren 
ind tw sn t the n tne V 
1djustal i inst el! (7 ne 
Radio ¢ , 275 Ma ichu 4 ( 
bridge ), Mas 

O-358 Thermostat, 2-page %& l 

| pictures and d« t tr 
Mighty Mit thermostat ' 
1% < He” pre-set to & 3p 
fications for application t i r 
problems. Mechanical Indust P 1 
tion Co., 217 Ash B8St Akron On 

2) ) Surface Comparator. 1-pa 
814” x 11” bulletin 32A presents ! 
instrument for rapidly mpa I 
surface finish o production pa TI 
Comtor Co., 87 Rumford Ave Waith 
54, Mass 

O-360 Hygrometer. 8-page 8%’ 
bulletin No. 201 pictures and describ 
in improved instrument for tl iceura 
measurement of relative humidity 36 
dex Ine 91 Cambridge st Bostor 
Mass 

0-361 Reeorder Charts. $6-page 5 

11” chart catalog No. i230A picture 
numerous 9, 10 and 12” charts fo ) 
ing instruments for all ranges of ten 
perature, vacuum and pressure. C. J. Ta 
liabue Mfgzg Co., Park ind Nost nd 
Aves., Brooklyn, N. Y 

0-362 Inspection Lights With Mirrors. 


24-page 814” 


11” 


booklet 


describes the Vanco” line 
lights with mirrors fo ir 
repair work of hidden p 
ner Co., 89-04 113th St I 
i8, N. Y 

0-363 “The Graphic.” 4 
11” No. 1246 issue of this 
lists the bulletins issued 


by 


ot 


j 
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For Extremely Close 
Temperature Control 


Visual-Stats 





Extreme sensitivity is easily attain- 
able. Mercury column visible at con- 
trol point (where most important) 
because electrodes terminate at back 
of tube. No encircling metal bands. 
Available in angle form. 


Send for Cat. 110 


The Philadelphia Thermometer Co, 
Sixth & Cayuga Sts. ete Philadelphia 


Oldest Thermometer Manufacturer 
in Philadelphia 











pany on the variety of instruments of 
their manufacture and applications of 
these instruments. The Esterline-Angus 
Co., Inc., P. O. Box 596, Indianapolis 6, 
Indiana 


O-364 Thermowells, 4-page 8%” x 11” 
Bulletin No. 11 pictures and describes 
thermowell assembly used in the petro- 
leum and chemical industry when neces- 
sary to fabricate built-up wells for 
emergency uses and for pilot plant in- 
stallations. E. W. Turner Electric Co., 
6138-40 N. Beechwood St., Philadelphia 
38, Pa, 


O-365 Packless-diaphragm Control! 
Valves. 4-page 8%” xX 11” Bulletin No 
113 pictures, diagrams and describes the 
3000 B series of the maker's packless 
bellows-sealed design for assuring leak- 
proof control valves in difficult and dan- 
gerous processes. Hammel-Dahl Co., 248 
Richmond St.. Providence 3, R. I 


O-366 Time-cyele Controllers. 12-page 
$%” X11” Bulletin C305 pictures and de- 
scribes maker's newest development, the 

Impulse-Sequence Time-Cycle Control- 
ler, Model C500 for simplification and 
flexibility in timing industrial process 
operations. The Bristol] Company, Water- 
bury $1, Conn 


O-367 Dew-peint Recorder. 2-page 8%” 

11” bulletin pictures and describes in- 
strument for recording the moisture 
content of air or other atmospheres is a 
necessity Povides a continuous record 
f humidity within a temperature range 
from 45°F. to room temperature. Sur- 
face Combustion Corp., Toledo, Ohio. 
O-368 Vibration Meuntings. 12-page 
8%” X 11” Bulletin No, 106 pictures and 
describes the “Multi-plane” vibration 
mountings for the isolation of vibration 
through a greater range of frequencies 
regardless of the direction of disturbing 
forces. Lord Mfg. Co., Erie, Pa 


O-369 Radie Test Equipment. 12-page 
8%” X 11” Catalog 5146-T lists and pic- 
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tures maker's line of test equipment with 
latest price list. Triplett Electrical In- 


strument Co., Bluffton, Ohio. 

0-370 Spectrophotometer. 8-page 8%” 

11” Bulletin B-211 pictures and de- 
scribes the “Coleman Junior Spectro- 
photometer” with new interchangeable 
scales for the analytical laboratory re- 
quiring a variety of different analyses 
from-~a single instrument 3oder Scien- 
tific Company, 719-72 Liberty Ave., 
Pittsburgh 22, Pa. 


O-371 Measurements of Radioactivity. 
6-page 8,” x 11” Data Sheet No. 3 pic- 
tures and describes maker’s instruments 
for the detection of ionizing radiation 
A page is devoted to the terminology 
commonly used in radioactivity meas- 
urements. Radiation Counter Labora- 
tories, 1451 E. 57th St., Chicago 37, Ill. 


O-372 Automatic Controllers. 4-page 
8%” X 11” bulletin pictures and de- 
scribes diaphragm control valves, direct- 
operated controllers, liquid-level con- 
trollers, self-contained pressure regula- 
tors, pilot-operated pressure regulators, 
pump governors and gas regulators 
Fisher Governor Co., Marshalltown, 
Iowa. 


O-373 Lever Action Switches, 4-page 
8%” « 11” bulletin of engineering data 
pictures, diagrams and describes a line 
of switches particularly adapted to in- 
tercommunication, centralized radio, 
sound distribution and public address 
equipment. P. R. Mallory & Co., Indian- 
apolis 6, Indiana. 


O-374 Megacycle Meter. 4-page 8%” 
x 11” bulletin pictures and describes 
Model 59, an instrument that acts as a 
variable frequency oscillator, an absorp- 
tion wavemeter, an oscillating detector 
and a tuned absorption circuit detector 
Measurements Corporation, Boonton, 
N. J. 





for Industrial 
Af plication 


Well groomed, easy-to- 
read label product for 
instructions, trade-marks, 
codes, identifying marks, 
etc. Topflight Tape 
Labels apply instantly on 
metal, glass, wood, etc. 





* Write Today, for 
Industrial Samples! 


Topflight Tool Co. 


Inc. 


YORK : PA. 
































RAWSON METER; 



































MULTIMETERS and REGULAR METER; 
AC and DC types, high f 
multiple ranges. 
2 microamperes to 1 ampere | 
2 milliamperes to 3 amperes 
ELECTROSTATIC VOLTMETERS 
Ranges 150-v. to 35,000-v AC Di 



























































Resistance exceeds million gohn 
Can measure static electricit 
FLUXMETERS 
Laboratory and production reasu 


ments om magnets and magnetic < 
cuits. Single push button retur: 
zero. 


WATTMETERS 
High sensitivities, low power f 
New types soon to be announce 


Special apparatus built to order 
Write for details and estimates 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


112-b Potter St. Cambridge, Mas 
Representatives 
CHICAGO LOS ANGELES 








NEW YORK City 








0-875 Diaphragm-motor Contr 
Valwes. 24-page 8%” X 11” Bu 
500 introduces the new “700 S 
air-operated diaphragm moto: 
valve. Mechanical and flow cha 
tics are described together w 
standard and special control 
tions. H. Belfield Co., Philadelph 





O-376 Speed Changers. 1-pag: 
11” Bulletin describes and picture 
ture speed changers with speeds 
20000 R. P. M. and torques up to 2] 
inches for controls, instruments 
mental work and small power 
Metron Instrument Co., 432 Lir 
Denver 9, Colorado. 


O-377 Power Amalyzer. 2-page § 
11” bulletin pictures and des 
Model 78, portable test laborat 
A Be power measurement wit! 
ranges of 0-300 amperes, 0-600 v 
0-300 min to 240,000 watts 
Electrical Instrument Co., 559 E 
St., Buffalo 3, N. Y. 











0-378 Pressure-analyzing Os cillo-Bq 
graph. 4-page 8%” X 11” Bull 
109 pictures and describes “Hyd 
cope” portable high-speed anal 
record high-speed pressure phe! 
in operation of hydraulic systen 
quip Corp., Jackson, Mich. 








O-379 Densitometer. 4-page 
bulletin pictures and describes 
color” precision densitometer, a 
photoelectric cell balanced elect! 
cuit whose operation is not affe 
fluctuations of line voltage or 
electrical disturbances. National 
color Corp., 305 E. 43rd St., New 
N. = 

0-380 Strainers. 4-page 8% 
Bulletin No. 224 pictures and de 
the new “Type SY” strainer for 
line protection for steam, air, £45 
liquid services from scale, dirt, dg 
etc. A W. Cash Valve Mfg. Corp 
ture, III. 


Be siconnagpg 











Moisture Tester. 4-page 8144” x 
etin pictures and describes the 

Model 105 E” moisture tester 
ting coarse products and the 40 
" «Steinlite” model for testing 
or powdered products. Seedburo 
nt Co., Chicago 6, Ill. 





ipme 
)-382 


” 






industrial Instruments. 8-page 
11” Bulletin 394 describes “Dyna- 
principle of industrial instrument 
struction. Instrument circuits are 
loth diagramatically and applications 
emperature, humidity, pressure, flow, 
rpm, pH, ete., are given. The Fox- 
Foxboro, Mass. 






x 









ce, 
o Company, 
-383 Flow Indicators, 4-page 8%” x 
Bulletin 18w pictures and describes 
Ker’ rotary-type, flapper-type and 
tillate-type high-pressure flow indica- 







LAR METERS ' Schutte & Koerting Co., 12th & 
high accur ompson Sts. Philadelphia 22, Pa. 

vere | -384 Divided - circle Spectrometers. 
eres A( age 8%” X 11” Bulletin 157-74 de- 
ETERS ied and illustrates six models cap- 















he of angular measurements to various 
@uracies from one minute to one sec- 
Industrial and educational applica- 
ns are indicated. The Gaertner Scien- 
« Corp., 1201 Wrightwood Ave., Chi- 
go 14, Ill. 

)-385 Wave-length Spectrometers and 
nochromators. 12-page 81%” 11” Bul- 
in 158-74 describes six prism instru- 
pnts, three for visible region, two with 


7 AC or Dk 
10n =megohm 
Ctricity 


(ton sreturr 


wer factors 


ee artz optics for the ultraviolet and one 
to order th rock salt optics for the infrared. 

; tical diagrams and detailed specifica- 
mareentos bns are shown. Also described are 


eprmopiles and interference spectro- 
pes. The Gaertner Scientific Corp., 
)l Wrightwood Ave., Chicago 14, Ill. 

()-886 Flexible Couplings. 4-page 81” 
11” Bulletin 200-C describes and pic- 
en cm res seven sizes from 6 hp. to 1 hp. 
————}d in a miniature of %o hp. rating of 


TRICAL 
IM PANY 


ambridge, Mas: 


Mp oprene core flexible coupling for smail- 
aed Contd applications. Lord Mfg. Co., Erie, 
sullet : 
0 Se ve f “— 
stor cor 0-387 Stifness Gage. 6-page 812 x 
character ” Bulletin No. 4506 describes and illus- 
r wit} gates a light-weight, portable, electri- 


rol ap Mily-energized instrument for numeri- 
Aly ealeulating the stifness of thin 
i xible materials up to %” thick, Taber 
i strument Corp., 111 Groundry S&t., 
orth Tonawanda, N. Y. 
















elph 


page & 
tures mir 


peeds ur é ‘ 
0-888 Surface Pyrometer. 4-page 8%’ 






oO D 

“Stat ™ 11” Catalog No. 160 pictures and de- 

Ver dey @ribes an all-purpose instrument with 

Lincoln s Maaterchangeable extension arms and 
Hbermocouples for a quick method of de- 
Srmining surface and sub-surface tem- 

page 92 pratures for production and in the lab- 

1 descril ’ atory. Pyrometer Instrument Co., 103 

Arto Mafayette St. New York, N. Y. 

ally i 0-389 Cooling and Refrigeration. 16- 

s. Niap apse 8146” X 11” catalog and price list 

59 El] Mictures and describes twenty different 


Mstruments designed for use in the 
boling and refrigeration field. Also out- 


ip 


Oscille-Biines functions of automttic controls an- 
ulletir @yzed for this field. Minneapolis Honey- 
ona Well Regulator Co., Minneapolis, Minn. 
phenc 0-390 BTU Indicator. 4-page 8%” x 
tems A¢ os Bulletin No. 405-B-2 pictures and de- 
} tribes the “Coloroptic’ BTU Indicator 
: er the direct determination of the heat 
a ; lalue of any kind of gas. Connelly, Inc., 
- ; peiod So. California Ave., Chictgo, Ill. 
ect! ', 0-391 Automatic Controllers. 36-page 
ffected » 9%” X 11% Catalog No. 900E covers mak- 
or othe {fis standard automatic non-indicating 
al PI ntrollers for temperature and pressure 
Yew ¥ mer the oil refining, textile, dairy, can- 
Bing, refrigeration, rubber and other in- 
81%” > mustries. Cc. J. Tagliabue Mfg. Co., Park 
Retecrihe tf Nostrand Aves., Brooklyn 5, N. Y. 
for pip: ff) 0-292 Radios and Electronic Equip- 
r, gas ent. 72-page 7” x 10” Catalog Supple- 
t. sludg ent 447 includes the latest listings on 
rp., apacitors, resistors, transformers, coils, 


Witches, microphones, speakers, tubes, 
Wsters and other essentials. Concord 
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TACHOMETER S MNES a 


ae a TYPE sey” 

, 4 UNIVERSAL 

c CENTRIFUGAL TYPE 

5 Ranges in | Instrument 

Cat. No. 303 30-12,000 RPM 
Cat. No. 314 45-18,000 RPM 
Cat. No. 322 60-24,000 RPM 
Cat. No. 346 120-48,000 RPM 


Bulletin 750-N 





MODEL J 
TRIPLE RANGE 
CENTRIFUGAL 

Cat. No. $12 300-12,000 RPM 
Cat. No. 1412 100-12,000 RPM 
SINGLE RANGES This 2 oz. Accelerometer may be used for 
100-1200 RPM 2400 RPM vibration measurement on light structures 
300.8600 Ga seb uae RPM a only an insignificant change in the 
# - characteristics of the structure. It is but 3/4 
Bulletins 760-N, 790-N inches high, | 13/16 inches long, and | 1/2 
inches wide. It is sensitive to acceleration 


“JAQUET’’ normal to the base only 
SPEED INDICATORS shir a canteen 2 ae 

















(CHRONOMETRIC) eee, eer eee a Seprene 
a1¥v € J 4 y w J ‘ ? 
Cupeeines Aceuracy If only low frequencies or static accelera- 
ai oad poe tions are to be measured, a panel type 
at. No. ! -10, PM microammeter may be used. Resistive in 
Cat. No. 2302 0- 1,000 RPM character, it is ideally suited for use in 
Suitable double rated speed. carrier systems. 
3 models, various accessories. Available in several ranges from + 2G to 
Bulletin 735-N + 506. 
Statham Laboratories also makes Pressure 
STATIONARY TYPE Transmitters with full ranges of + 0.2 psi to 
MODEL “J” 0-10,000 psi, and Dvynamometers 


Sizes, 3”, 4”, 52”, 8”, 10”, 
and 20” dial diameter, flexi. 
ble shaft driven. 

Many standard ranges reading 
RPM, FPM, YPM, ete. 


Bulletins 795-N, 796-N 
7 


Write for Our 
Catalog. 







SCIENTIFIC 


LABORATORIES INSTRUMENTS 






: 8222 BEVERLY BOULEVARD 
HERMAN H. STICHT CO., INC. LOS ANGELES 36, CALIF 


27 PARK PLACE NEW YORK, N.Y. 

















SALES PROMOTION ENGINEER 


Leading manufacturer of industrial in 


GLASS BLOWER 


Attractive vacancy for prop- struments has unusual opportunity for 
erly qualified young man ex- graduate engineer experienced in the 
perienced in the fabrication of pulp and paper or textile industries, or 


laboratory glass apparatus one with knowledge of process control 


Familiarity with basic tech- 


instrumentation who is interested in ap 


plying this knowledge to these in 


nuques is essential. Letters of dustries. Work consists of process con 

inquiry concerning this un- trol engineering, writing of quotations, 

usual opportunity should be order follow-up, and sales correspond 

addressed to ence with branch offices and customers 

Some traveling involved. Reply giving 

Battelle Memorial Institute complete details of experience, educa 

: tion and personal history to Box 132, 

505 King Avenue ‘es thamnaliag Publishing i. 1117 Wolfen 
Columbus 1, Ohio dale St., Pittsburgh 12, Pa 














Here is your LITERATURE and INFORMATION order card 


Instruments, 1117 Wolfendale St., Pittsburgh, Pa. (July 1947) 
Please have the following catalogs, ctc., reviewed in this issue sent to me. 


Plambers 6... . ... 


I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 
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Radio Corp., 901 Jackson Blvd., Chicago O-398 Steam Equipment. 12-page 3” 
Il) 9” folder pictures and lists a number of 
the maker’s items for distribution, utili- 


-393 Permanent Magnets. 36-page 
6” * 11” booklet gives all general in- Z4tion and metering of steam, gases and 
formation on permanent magnets as liquids. American District Steam Co., 
well as technical data on characteristics North Tonawanda, N. Y aA 


design, properties and application. Gen O-399 Toolmaker’s Spotlight. i-page 
eral Electric Co., Pittsfield, Mass. 8%” x 11” Bulletin pictures and de- 
0-394 pH Test Kit. 6-page 3” x 7” scribes the “Opti-Spot,” a specialized 
folder describes test kit containing nine- Shop light for dark, hard-to-illuminate 
teen “Hydrion” pH test papers in eight work areas. The Benton Co., 351 So. La PHOTO ELECT Ke 
teen plastic dispensers covering full Brea Ave., Los Angeles 36, California. ; 
range from pH 0.0 to pH 14.0 R. P. Car- 0-400 Printed Electric Circuit. 2- 
gille, 118 Liberty St., New York 6, N. Y page 8%” xX 11” Bulletin pictures and de- 
0-395 “The Capacitor.” 16-page 6” > scribes the “Couplate,” an assembly of ( & [LS 
8” Vol. 12, No. 5 of this house organ two capacitors and two resistors bonded 
features a reprint from Electrical Manu- t© 4 Ssteatite ceramic plate, mutually 
facturing entitled “Electronic Photo- connected by metallic silver paths print- 
flash Units Cornell-Dublilier Electric ed and fired on the surface of a base 
Corp., Hamilton Blvd., South Plainfield, Plate. Centralab Div., of Globe Union, 600 
J E. Keefe Ave., Milwaukee 1, Wis 
0-401 Relays. 4-page 8%” x 11” bro- 
Bulletin pictures and describes the chure illustrates and describes ten “Am- 
Model 49 &-inch oscilloscope en@ the TSO" teays and two | smrescn 
switches, for electrical-equipment con- 
Model 41” 3-inch oscilloscope. Electron- trol. American Relay and Controls, Inc., 
Development Laboratory, 2655 W. 19th 2555 Diversey Ave., Chicago 47, Il. 
St., Chicago, Ill 0-402 Flowmeter. 12-page 8%” x 11” 
397 Laboratory Furnace. 2-page Bulletin 47-801 describes in detail, with 
8%” x 11” Bulletin pictures and de- a profusion of diagrams and photo- 
scribes furnace and accessories which graphs, the ‘“Hays-Cochrane High Torque 
permit conversion into a  direct-fired Mechanical Flow Meter.” Orifices, flow 
ven furnace, a muffle for indirect heat- nozzles and Venturi tubes are also de- 
Surface Combus-_ scribed. The Hays Corporation, Michigan 


a rk ye Ra 


| 


O-396 Oscilloscope. 2-page 8%” X 11” 


ing or a pot furnace 
tion, Toledo, Ohio City, Indiana 


SIMPLIFY PHOTO-ELECTRIC 
ADVERTISERS’ INDEX fecicema a 


Siemmser & Gentine Luxtron* photocells convert light 
Pyrometer Instrument Co. directly into electrical energy. No 
Alr Express Division, Railway Fulton-Syiphon Company 585 Railway Express Agency i external source of voltage is re. 
Express Agency : Gaertner Scientific Corporation....634 Rawson Electrical Instrument i ‘ 
American Optical Company. > mente fl ara yds Company . 6 i quired. Meters and relays can be 
Scientific Instrument Division 601, 637, 639 Refinery Supply Co. operated directly from Bradley 
Amthor Testing Instrument Co. Seedburo Equipment Co. : : 
Seat Gatien te Seat ee ele a perry ay Luxtron photocells, improving on. 
Askania Requiator Co. ; Shore Instrument & Mfg. Co., | trol over manufacturing operations, 
Hammel-Dahi Company . 
Automatic Electric Mfg. Co. Inside back Inc. 6 reducing your costs. They meet the 
Bailey Meter Company mside Hack cover ‘Sorensen & Company, Inc. eer : : 
Barton Instrument Co. Hardwick, Hindle, Inc. 651 Standard Electric Time Co. | most exacting requirements. Ad. 
Battelle Memorial Institute Hathaway Instrument Company._.629 Statham Laboratories vanced manufacturing techniques 
Beli Telephone Laboratories H-B Instrument Company Sticht & Co.. Herman H. ight- | 
Bodine Electric Co. Helland Research Corporation Struthers Dunn, Inc. : make light actuated Bradley cell 
Boonton Radio Corporation Heise Bourdon Tube Labs. Superior Electric Co. the choice all over the world. 
Bradley Laboratories, Inc. 596, IIlinols Testing Labs., Inc. Taco-West Corporation 64 Besides the housed mode! shown 
Brady Company, W. H. Indiana Steel Products Co. Tagilabue Division, C. J., Portable pugs } 
| with its plug-in contacts, Bradley 


Brooks Rotameter Co. Johansson Div., Ford Motor Co. Products Corn....imside front cover | 
Burness Battery Company Johnson Co.. E. F. Topflight Tool Company 656 | also offers tube socket, nut-and-bolt 
Trimount Instrument Co. 


Py gh an ie Soe Triplet Elect. Tost. Ca. | type end pigtall contact mow! 

Gitar Week Ge. ton. Leeds & Northrup Co Unert! Optical Co., John | ings. In addition, Luxtron un- 
ed - ¢ United Electric Controls . : 

Cohn & So., Sigmund Lewis Engineering Co. Company | mounted cells are available in 

Consolidated Engineering Corp. Liquidometer Corporation U. S. Radium Corporation | many different sizes and shapes. 

Cyclohm Motor Corp. Littelfuse, Inc. Veeder-Root, Inc. i 

Dwyer Mfg. Ce., F. W. Mansfield & Green Wallace & Tiernan Products, “+. M. REG. U. S. PAT. OFF 

Engelhard. inc., Charles Marshalitown Mfg. Co. Inc. 589 

Eppley Laboratory, Inc. Mercoid Corporation, The Welch Scientific Company, 

Fischer & Porter Co. Meriam Instrument Co. Ww. M. Back cover 

Fisher Governor Co. Mico Instrument Co. Western Electric Company 623 

Ford Motor Company Moeller Instrument Co. Weston Electrical Instrument Fs 

Foxboro Company Nat’! Lock Washer Co. Co. 599 ee Illustrated literature, 


available on request, 
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